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NutraSource, Inc. 
6309 Morning Dew Ct, Clarksville, MD 21029 

(410)-531-3336 or (301) 875-6454 

Office of Food Additive Safety (HFS-255)    October 19, 2009 
Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
5 100 Paint Branch Parkway 
College Park, MD 20740 
 
Subject: GRAS notice for palm tocotrienol rich fractions (TRF) 
 
Dear Sir/Madam: 
 

Pursuant to the proposed rule outlined at Federal Register, Vol. 62, No. 74, p. 18936 -
18937, April 17, 1997 (Sec. 170.36 of Part 21 of the Code of Federal Regulations), Malaysian 
Palm Oil Board (MPOB) hereby submits this notification that the use of palm tocotrienol rich 
fractions (TRF) as ingredients in foods is exempt from the premarket approval requirements of 
the Food, Drug, and Cosmetic Act because MPOB has determined that such use is generally 
recognized as safe (GRAS) based on scientific procedures. 
 

On behalf of MPOB, NutraSource (an independent consulting firm) assembled a panel of 
experts highly qualified by scientific training and experience to evaluate the safety of the 
intended uses of palm TRF. The panel included Dr. Susan Cho at NutraSource (Clarksville, MD), 
Dr. Michael Falk at Life Science Research Organization (LSRO; Bethesda, MD), and Dr. George 
Fahey at the University of Illinois (Urbana, IL). Following independent critical evaluation of the 
available data and information, the panel has determined that the use of palm TRFs (that are 
manufactured by the industry members of MPOB, such as Carotech, Davos, Carotino, Sime 
Darby Bioganics, and SuperVitamins) described in the enclosed notification is GRAS based on 
scientific procedures.  

 
 

Pursuant to the proposed 170.36 (c)(1), MPOB provides the following required information: 
 
Notifier:   Malaysian Palm Oil Board (MPOB) TAS America 
 
Mailing address:  3516 International Ct, N.W. 

Washington, D.C. 20008  
(Attention: Ms. Rosidah Radzian, Regional Manager) 
e-mail: mpobtas@aol.com 

 
GRAS substance:   Palm tocotrienol rich fractions (or palm tocotrienol concentrates)  

 
Intended Use:   Fats or oils, such as salad dressing, mayonnaise, margarine, and spread; 

potato chips and salty snacks; bakery products; ready-to-eat cereals; meal 
replacement and other functional beverages; meatless soups and soup mix; 
meatless gravies, sauces, and pasta sauces; processed juices, processed 
fruits, juice drinks, and punch; frozen dairy desserts; yogurt; pudding; 

000003



~
~'~T -q ~J:.<I

t-"
,,'" i~ ;

_~_}. ij~

DIVISion ot

Biotechnology and

GRAS Notice Review

J

000004



NutraSource, Inc. 
6309 Morning Dew Ct, Clarksville, MD 21029 

(410)-531-3336 or (301) 875-6454 

gelatin products; chocolate milk and flavored milk; soy milk and products; 
chocolate, candy, confectionary, and sweets; beverages; and chewing gum.   

Basis for GRAS determination: Scientific procedures 

 
The conclusions of these scientists and the summary of the information regarding the 

safety and GRAS status of the material in making this determination are enclosed. Also enclosed 
are three copies of the GRAS notification, an electronic copy, and additional information 
documents. All of the data and information that serve as the basis for this GRAS determination 
will be available to FDA upon request or is available for FDA's review and copying at the offices 
of MPOB located in the Malaysian Embassy Building in Washington, D.C. or at the office of 
NutraSource located in Clarksville, MD. 

 
 
If you have any technical questions, please do not hesitate to contact me. 

 
 
Sincerely, 

 

Susan Cho, Ph.D. 
sscho397@yahoo.com 
Consultant to MPOB 
(on the TRF GRAS notification project) 
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KutraSource, Tnc. 
6309 Mortiitip Dew Ct, Claritsville, WID 21039 

(410)-531-33.36 01' (301) 87-5-6451 

gelatin products; chocolate milk and flavored milk; soy milk and products; 
chocolate, candy, confectionary, and sweets; beverages; and chewing gum. 

Basis for GRAS determination: Scientific procedures 

The conclusions of these scientists and the summary of the information regarding the 
safety and GRAS status of the material in making this determination are enclosed. Also enclosed 
are three copies of the GRAS notification, an electronic copy, and additional information 
documents. All of the data and information that serve as the basis for this GRAS determination 
will be available to FDA upon request or is available for FDA's review and copying at the offices 
of MPOB located in the Malaysian Embassy Building in Washington, D.C. or at the office of 
NutraSource located in Clarksville, MD. 

If you have any technical questions, please do not hesitate to contact me. 

Sincerely, 

Susan Cho, Ph.D. 
sscho3 97@yahoo.com 
Consultant to MPOB 
(on the TRF GRAS notification project) 

c

l..utraSource. Inc.
6309 :Vlorning Dew Ct, Clarksville,!VID 21029

(410)-531-3336 or (301) 875-6454

gelatin products; chocolate milk and flavored milk; soy milk and products;
chocolate, candy, confectionary, and sweets; beverages; and chewing gum.

Basis for GRAS determination: Scientific procedures

The conclusions of these scientists and the summary of the information regarding the
safety and GRAS status of the material in making this determination are enclosed. Also enclosed
are three copies of the GRAS notification, an electronic copy, and additional information
documents. All of the data and information that serve as the basis for this GRAS determination
will be available to FDA upon request or is available for FDA's review and copying at the offices
ofMPOB located in the Malaysian Embassy Building in Washington, D.C. or at the office of
NutraSource located in Clarksville, MD.

If you have any technical questions, please do not hesitate to contact me.

Sincerely,

Susan Cho, Ph.D.
ssch0397@yahoo.com
Consultant to MPOB
(on the TRF GRAS notification project)

(b) (6)
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TRF GRAS notification 

Conclusion of the expert panel:  
Generally recognized as safe (GRAS) determination for the addition of palm tocotrienol-
rich fraction (TRF) to foods 
 
August 2009 

CONCLUSION 

We, the undersigned expert panel members, Susan Cho, Ph.D., Michael Falk, Ph.D., and George 
Fahey, Ph.D., have individually and collectively critically evaluated the materials summarized in 
the palm TRF GRAS report, and conclude that palm TRF is safe and GRAS for its intended use 
in foods. 

There is broad-based and widely disseminated knowledge concerning the chemistry of 
tocotrienols (T3) and tocopherols (T). Vitamin E is a generic name for the family of eight major 
compounds that have been found to possess vitamin E activity. These compounds are  α-, β-, γ-, 
and δ-T; and α -, β-, γ-, and δ-T3, and are often called tocols. They cannot be synthesized in the 
body; thus, vitamin E must be obtained from the diet. Vitamin E deficiency results in serious 
health hazards. Symptoms caused by α -T deficiency can be alleviated by T or T3.  Both T3 and 
T possess antioxidant activities, although T3 has much stronger antioxidant activities against 
lipid peroxidation than T.  Palm oil and rice bran oil represent two major nutritional sources of 
natural T3. The TRF described in this self-affirmation is prepared from palm oil.  

 
Palm TRF (a mixture of α -, β-, γ-, and δ-T3 with an average α-T content of 20-30% of total tocols) 
proposed for use in this food product is well characterized and free from chemical and microbial 
contamination.  Palm TRF will be used as an ingredient in foods and beverages as a source of 
natural vitamin E and antioxidants.  
 
Intended food applications include fats or oils, such as salad dressing, mayonnaise, margarine, 
and spread, potato chips and salty snacks, bakery products, ready-to-eat cereals, meal 
replacement and other functional beverages, meatless soups, soup mix meatless gravies, sauces, 
pasta sauces, processed juices, processed fruits, juice drinks and punch, frozen dairy desserts, 
yogurt, pudding, gelatin products, chocolate milk, flavored milk, soy milk and products, 
chocolate, candy, confectionary, sweets, beverages, and chewing gum.   
 
Assuming 20% of food products will be used under the intended use, the 90th percentile daily 
consumption under proposed new food use of T3 would result in 9.4 mg/d (or 0.68 mg/kg body 
weight (BW)/d) in young children aged 1-3 yr and 17.4 mg/d (or 0.35 mg/kg BW/d) for the 
population aged 1 yr and older.  These levels represent more than 100x below the no-observed-
adverse-effect level (NOAEL) values that have been found from sub-chronic and chronic toxicity 
studies in rats. An assumption that 20 % of the population are consumers of TRF leads to dietary 
α-T exposure estimates of approximately 6.4 mg/d (or 0.49 mg/kg BW/d) for children aged 1-3 
yr and 14.6 mg/d (or 0.27 mg/kg BW/d) for the population aged 1 yr and older at the 90th 
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TRF GRAS notification 

percentile. These levels are far below the tolerable upper intake levels of α-T (200 mg/d for 
children aged 1-3 yr and 1000 mg/d for adults) established by the U.S. Institute of Medicine. 
 
Currently, α‐T (as a nutrient and as a chemical preservative), tocopherols, and α‐T acetate (as a 
nutrient) are already listed as GRAS ingredients under the 21 CFR Part 184 and the 21 CFR Part 
182. Dietary supplements containing T3 have been on the market in the U.S. as dietary 
supplements since 1999 under the Dietary Supplements Health and Education Act of 1994 
(DSHEA). Due to the current GRAS approval status of T, this GRAS self-affirmation is more 
focused on the review of T3. 
 
Palm TRF has a long history of safe use as a natural vitamin E and as an antioxidant in foods. 
There are no indications of significant adverse effects related to palm TRF in the publicly 
available literature. The proposed food use results in exposure at levels significantly below those 
associated with any adverse effects. Therefore, not only is the proposed use of palm TRF safe 
within the terms of the Federal Food, Drug, and Cosmetic Act (meeting the standard of 
reasonable certainty of no harm), but because of this consensus among experts, it is also 
Generally Recognized as Safe (GRAS) according to Title 21 Code of Federal Regulations (21 
CFR).     
 
 
 
Susan Cho, PhD 
President, NutraSource, Inc., Clarksville, MD 21029 
 
Signature: ___________________________________ Date: _______________ 
 
 
 
Michael Falk, Ph.D. 
Executive Director, Life Science Research Organization (LSRO), Bethesda, MD 20814 
 
Signature: ___________________________________ Date: _______________ 
 
 
 
George C. Fahey, Jr., Ph.D. 
Professor, University of Illinois, Urbana-Champaign, IL 61801 
 
Signature: ___________________________________ Date: _______________ 
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percentile. These levels are far below the tolerable upper intake levels of a-'I- (200 mg/d for 
children aged 1-3 yr and 1000 mg/d for adults) established by the U.S. Institute of Medicine. 

Currently, a-T (as a nutrient and as a chemical preservative), tocopherols, and a-T acetate (as a 
nutrient) are already listed as GRAS ingredients under the 2 1 CFR Part 184 and the 2 1 CFR Part 
182. Dietary supplements containing T3 have been on the market in the U.S. as dietary 
supplements since 1999 under the Dietary Supplements Health and Education Act of I994 
(DSHEA). Due to the current GRAS approval status of T, this GRAS self-affirmation is more 
focused on the review of T3. 

Palm TRF has a long history of safe use as a natural vitamin E and as an antioxidant in foods. 
There are no indications of significant adverse effects related to palm TRF in the publicly 
available literature. The proposed food use results in exposure at levels significantly below those 
associated with any adverse effects. Therefore, not only is the proposed use of palm TRF safe 
within the terms of the Federal Food, Drug, and Cosmetic Act (meeting the standard of 
reasonable certainty of no harm), but because of this consensus among experts, it is also 
Generally Recognized as Safe (GRAS) according to Title 2 1 Code of Federal Regulations (2 1 
CFR). 

Susan Cho, PhD 
President, NutraSource, Inc., Clarksville, MD 2 1029 

Signature : Date: ;/,/ ?/ b7 

Michael Falk, Ph.D. 
Executive Direc r, Life Science Research Organization (LSRO), Bethesda, MD 208 14 

Signature: Date: 9 /&I  b 5 

George C. Fahey, Jr., Ph.D. 
Professor, Univjlty of 

Date: ':/ 3 ,!/ :i 7 Signature: '  

2 

C percentile. These levels are far below the tolerable upper intake levels of a-T (200 mg/d for
children aged 1-3 yr and 1000 mg/d for adults) established by the U.S. Institute of Medicine.

Currently, a-T (as a nutrient and as a chemical preservative), tocopherols, and a-T acetate (as a
nutrient) are already listed as GRAS ingredients under the 21 CFR Part 184 and the 21 CFR Part
182. Dietary supplements containing T3 have been on the market in the U.S. as dietary
supplements since 1999 under the Dietary Supplements Health and Education Act of1994
(OSHEA). Due to the current GRAS approval status ofT, this GRAS self-affirmation is more
focused on the review of T3.

Palm TRF has a long history of safe use as a natural vitamin E and as an antioxidant in foods.
There are no indications of significant adverse effects related to palm TRF in the publicly
available literature. The proposed food use results in exposure at levels significantly below those
associated with any adverse effects. Therefore, not only is the proposed use of palm TRF safe
within the terms of the Federal Food, Drug, and Cosmetic Act (meeting the standard of
reasonable certainty of no harm), but because of this consensus among experts, it is also
Generally Recognized as Safe (GRAS) according to Title 21 Code of Federal Regulations (21
CFR).

Susan Cho, PhD
President, NutraSource, Inc., Clarksville, MD 21029

Signature: Date:

Michael Falk, Ph.D.
Executive Direc r, Life Science Research Organization (LSRO), Bethesda, MD 20814

Signature: -- Date: _S'-'----'--'lb~J!...C1o"-L-2__

George C. Fahey, Jr., Ph.D.
Professor, U:f)~ty of Iltinois, Uj'ana-,Champaign, IL 61801

Signature: < Date --'-1-7-'-,,--:7;f-/_~_II=--'_
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TRF GRAS notification 

Conclusion of the expert panel: 
Generally recognized as safe (GRAS) determination for the addition of palm tocotrienol- 
rich fraction (TRF) to foods 

August 2009 

CONCLUSION 

We, the undersigned expert panel members, Susan Cho, Ph.D., Michael Falk, Ph.D., and George 
Fahey, Ph.D., have individually and collectively critically evaluated the materials summarized in 
the palm TRF GRAS report, and conclude that palm T W  is safe and GRAS for its intended use 
in foods. 

There is broad-based and widely disseminated knowledge concerning the chemistry of 
tocotrienols (T3) and tocopherols (T). Vitamin E is a generic name for the family of eight major 
compounds that have been found to possess vitamin E activity. These compounds are a-, p-, y-. 
and 6-T; and a -, p-, y-, and 6-T3, and are often called tocols. They cannot be synthesized in the 
body; thus, vitamin E must be obtained from the diet. Vitamin E deficiency results in serious 
health hazards. Symptoms caused by a -T deficiency can be alleviated by T or T3. Both T3 and 
T possess antioxidant activities, although T3 has much stronger antioxidant activities against 
lipid peroxidation than T. Palm oil and rice bran oil represent two major nutritional sources of 
natural T3. The TRF described in this self-affirmation is prepared from palm oil. 

Palm TRF (a mixture of a -, p-, y-. and 6-T3 with an average a-T content of 20-30% of total 
tocols) proposed for use in this food product is well characterized and free from chemical and 
microbial contamination. Palm TRF will be used as an ingredient in foods and beverages as a 
source of natural vitamin E and antioxidants. 

Intended food applications include fats or oils, such as salad dressing, mayonnaise, margarine, 
and spread, potato chips and salty snacks, bakery products, ready-to-eat cereals, meal 
replacement and other functional beverages, meatless soups, soup mix meatless gravies, sauces, 
pasta sauces, processed juices, processed fruits, juice drinks and punch, frozen dairy desserts, 
yogurt, pudding, gelatin products, chocolate milk, flavored milk, soy milk and products, 
chocolate, candy, confectionary, sweets, beverages, and chewing gum. 

Assuming 20% of food products will be used under the intended use, the 90th percentile daily 
consumption under proposed new food use of T3 would result in 9.4 mg/d (or 0.68 mg/kg body 
weight (BW)/d) in young children aged 1-3 yr and 17.4 mg/d (or 0.35 mg/kg BW/d) for the 
population aged 1 yr and older. These levels represent more than 1 OOx below the no-observed- 
adverse-effect level (NOAEL) values that have been found from sub-chronic and chronic toxicity 
studies in rats. An assumption that 20 % of the population are consumers of TRF leads to dietary 
a-T exposure estimates of approximately 6.4 mg/d (or 0.49 mg/kg BW/d) for children aged 1-3 
yr and 14.6 mg/d (or 0.27 mg/kg BW/d) for the population aged 1 yr and older at the 90th 
percentile. These levels are far below the tolerable upper intake levels of a-T (200 mg/d for 
children aged 1-3 yr and 1000 mg/d for adults) established by the U.S. Institute of Medicine. 

I 

TRF GRAS notification

C Conclusion of the expert panel:
Generally recognized as safe (GRAS) determination for the addition of palm tocotrienol
rich fraction (TRF) to foods

August 2009

CONCLUSION

We, the undersigned expert panel members, Susan Cho, Ph.D., Michael Falk, Ph.D., and George
Fahey, Ph.D., have individually and collectively critically evaluated the materials summarized in
the palm TRF GRAS report, and conclude that palm TRF is safe and GRAS for its intended use
in foods.

There is broad-based and widely disseminated knowledge concerning the chemistry of
tocotrienols (T3) and tocopherols (T). Vitamin E is a generic name for the family of eight major
compounds that have been found to possess vitamin E activity. These compounds are a-, {3-, y-,

and 0-T; and a -, {3-, y-, and 0-T3, and are often called tocols. They cannot be synthesized in the
body; thus, vitamin E must be obtained from the diet. Vitamin E deficiency results in serious
health hazards. Symptoms caused by a -T deficiency can be alleviated by T or T3. Both T3 and
T possess antioxidant activities, although T3 has much stronger antioxidant activities against
lipid peroxidation than T. Palm oil and rice bran oil represent two major nutritional sources of
natural T3. The TRF described in this self-affirmation is prepared from palm oil.

Palm TRF (a mixture of a -, {3-, y-, and 0-T3 with an average a-T content of20-30% of total
tocols) proposed for use in this food product is well characterized and free from chemical and
microbial contamination. Palm TRF will be used as an ingredient in foods and beverages as a
source of natural vitamin E and antioxidants.

Intended food applications include fats or oils, such as salad dressing, mayonnaise, margarine,
and spread, potato chips and salty snacks, bakery products, ready-to-eat cereals, meal
replacement and other functional beverages, meatless soups, soup mix meatless gravies, sauces,
pasta sauces, processed juices, processed fruits, juice drinks and punch, frozen dairy desserts,
yogurt, pudding, gelatin products, chocolate milk, flavored milk, soy milk and products,
chocolate, candy, confectionary, sweets, beverages, and chewing gum.

c

Assuming 20% of food products will be used under the intended use, the 90th percentile daily
consumption under proposed new food use ofT3 would result in 9.4 mg/d (or 0.68 mg/kg body
weight (BW)/d) in young children aged 1-3 yr and 17.4 mg/d (or 0.35 mg/kg BW/d) for the
population aged 1 yr and older. These levels represent more than 100x below the no-observed
adverse-effect level (NOAEL) values that have been found from sub-chronic and chronic toxicity
studies in rats. An assumption that 20 % of the population are consumers of TRF leads to dietary
a-T exposure estimates of approximately 6.4 mg/d (or 0.49 mg/kg BW/d) for children aged 1-3
yr and 14.6 mg/d (or 0.27 mg/kg BW/d) for the population aged 1 yr and older at the 90th
percentile. These levels are far below the tolerable upper intake levels of a-T (200 mg/d for
children aged 1-3 yr and 1000 mg/d for adults) established by the U.S. Institute of Medicine.

1

000011



TRF GRAS notification 

Currently, a-T (as a nutrient and as a chemical preservative), tocopherols, and a-T acetate (as a 
nutrient) are already listed as GRAS ingredients under the 2 1 CFR Part 184 and the 2 1 CFR Part 
182. Dietary supplements containing T3 have been on the market in the U.S. as dietary 
supplements since 1999 under the Dietary Supplements Health and Education Act of 1994 
(DSHEA). Due to the current GRAS approval status of T, this GRAS self-affirmation is more 
focused on the review of T3. 

Palm TRF has a long history of safe use as a natural vitamin E and as an antioxidant in foods. 
There are no indications of significant adverse effects related to palm TRF in the publicly 
available literature. The proposed food use results in exposure at levels significantly below those 
associated with any adverse effects. Therefore, not only is the proposed use of palm TRF safe 
within the terms of the Federal Food, Drug, and Cosmetic Act (meeting the standard of 
reasonable certainty of no harm), but because of this consensus among experts, it is also 
Generally Recognized as Safe (GRAS) according to Title 2 1 Code of Federal Regulations (2 1 
CFR). 

Susan Cho, PhD 
President, NutraSource, Inc., Clarksville, MD 2 1029 

Signature : Date: 

Michael Falk, Ph.D. 
Executive Director, Life Science Research Organization (LSRO), Bethesda, MD 208 14 

Signature : Date: 

George C. Fahey, Jr., Ph.D. 
Professor, University of Illinois, Urbana-Champaign, IL 6 180 1 

Signature : Date: 

2 
c

TRF GRAS notification

Currently, u-T (as a nutrient and as a chemical preservative), tocopherols, and u-T acetate (as a
nutrient) are already listed as GRAS ingredients under the 21 CFR Part 184 and the 21 CFR Part
182. Dietary supplements containing T3 have been on the market in the U.S. as dietary
supplements since 1999 under the Dietary Supplements Health and Education Act of1994
(DSHEA). Due to the current GRAS approval status ofT, this GRAS self-affirmation is more
focused on the review of T3.

Palm TRF has a long history of safe use as a natural vitamin E and as an antioxidant in foods.
There are no indications of significant adverse effects related to palm TRF in the publicly
available literature. The proposed food use results in exposure at levels significantly below those
associated with any adverse effects. Therefore, not only is the proposed use of palm TRF safe
within the terms of the Federal Food, Drug, and Cosmetic Act (meeting the standard of
reasonable certainty of no harm), but because of this consensus among experts, it is also
Generally Recognized as Safe (GRAS) according to Title 21 Code of Federal Regulations (21
CFR).

Susan Cho, PhD
President, NutraSource, Inc., Clarksville, MD 21029

Signature: Date: _

Michael Falk, Ph.D.
Executive Director, Life Science Research Organization (LSRO), Bethesda, MD 20814

Signature: Date: _

George C. Fahey, Jr., Ph.D.
Professor, University of Illinois, Urbana-Champaign, IL 61801

Signature: Date: _
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TRF GRAS notification 
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TRF GRAS notification 

 I. Identity of Substance 

A. Common or trade name: Palm TRF or T3 concentrates are from palm oil sources (the 

content of alpha T is approximately 20-25% of the tocols) that are manufactured by the industry 

members of Malaysian Palm Oil Board (MPOB), such as Carotech, Davos, Carotino, Sime 

Darby Bioganics, and SuperVitamins. Specific trade names include, but are not limited to, the 

following: 

1)  Carotech products such as  
Tocomin® 30% - Palm TRF, 30% Oil Suspension,  
Tocomin® 50% - Palm TRF, 50% Oil Suspension,   
TocomaxTM 20% - Palm TRF,  
20% Cold Water Dispersible Powder,  
Tocobeads® 7.5% - Palm TRF,  
7.5% Beadlets, TocosemTM 1.5% - Palm TRF,  
1.5% Water Soluble Emulsion,  
Tocomin® SuprabioTM 20% - Palm TRF,  
20% Bio-enhanced Suspension, and  
Tocomin® SuprabioTM 25% - Palm TRF, 25% Bio-enhanced Suspension;  

 
2) Davos palm TRF products, such as  

Tocotrienol Concentrate  DVL 30,   
Tocotrienol Concentrate  DVL 50,   
Tocotrienol Concentrate  DVL 70,  
Tocotrienol Powder  DVP 7.5,  
Tocotrienol Powder  DVP 10,  
Tocotrienol Powder  DVP 20,  
Tocotrienol Powder  DVP 30, and  
Water Soluble (WS) Tocotrienol 1.5%;  
 

3) Carotino TRF oil suspension products, such as  
Carotino TRF 10%,  
Carotino TRF 20%,  
Carotino TRF 50%, and  
Carotino TRF 80%;  
 

4) SD Bioganic TRF products, such as  
Gold Tri E30,   
Gold Tri E50,  
Gold Tri E70,  
Gold Tri E20 powder,  
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TRF GRAS notification 

Gold Tri E30 powder,  
Bio E Tri E 30 N (emulsion), and  
Bio E Tri E 20 N (emulsion);  
 

5) SuperVitamin TRF oil suspension products, such as  
Super T25,  
Super T30,  
Super T50,  
Super T80,  
Super T Powder 20%, and  
Super T Powder 25%. 

 

B. Standards of identity: We note that an ingredient that is lawfully added to food products 

may be used in a standardized food only if it is permitted by the applicable standard of identity 

that is located in Title 21 of the Code of Federal Regulations. 

 

C. Background 

Tocotrienols are the primary form of vitamin E in the seed endosperm of most monocots, 

including agronomically important cereal grains such as wheat, rice, and barley. Palm oil 

contains significant quantities of T3 and T (Sundram et al. 2003). Crude palm oil extracted from 

the fruits of Elaeis guineensis particularly contains a high amount of T3 (up to 800 mg/kg), 

mainly consisting of γ-T3, α-T3, and α-T. The distribution of vitamin E in palm oil is 20-30% T 

and 70-80% T3 (Sundram et al. 2003). The objective of this review is to highlight the safety and 

potential significance of the T3.  
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D. Chemistry and structure of T3 

Tocopherols and T3 share common structural features of a chromanol ring and a side-

chain at the C-2 position (Nesaretnam et al. 2008). The difference between T and T3 is that the 

former contains a saturated phytyl tail, whereas the latter bears an unsaturated isoprenoid side 

chain,  i.e., three all trans double-bonds in the hydrocarbon tail (Figure 1;  Tasaki et al. 2008). 

Each subgroup of vitamin E contains several isoforms. Chemical formulas and molecular 

weights (M.W.) of 8 isomers are summarized in Table 1. Palm TRF is a mixture of T3 and α-T. 
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Tocotrienol isoprenoid side chain 

 

Tocopherol phytylside chain                          T3 isoforms 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Structure of vitamin E stereoisomers. Tocotrienols consist of a chromanol nucleus and a 
lipophilic isoprenoid chain. Tocopherols have phytyl side chain. Methyl group placement in the naturally 
occurring isoforms α-, β-, γ-, and δ- is as indicated in the box (Adopted from Akoh and Min 2008). 
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Table 1. Chemical formulas, molecular weights, and CAS numbers of 8 forms of vitamin E  
Compound  Chemical Formula MW CAS No. 
α-tocotrienol C29H44O2 424 58864-81-6 
β-tocotrienol C28H42O2 410 490-23-3 
γ-tocotrienol C28H42O2 410 14101-61-2 
δ-tocotrienol C27H40O2 396 25612-59-3 
α-tocopherol C29H50O2 430 59-02-9 
β-tocopherol C28H48O2 416 148-03-8 
γ-tocopherol C28H48O2 416 7616-22-0 
δ-tocopherol C27H46O2 402 119-13-1 

  Adopted from European Food Safety Authority (EFSA) 2008 

 

E. Manufacturing Process 

The industry members of MPOB describe their manufacturing process as follows: 

1. TRF liquid (or TRF oil suspension):  

(1)  The starting raw material is crude palm oil, an edible vegetable oil extracted from the 

mesocarp of the oil palm. Crude palm oil is naturally reddish in color because it 

contains a high amount of natural mixed carotenoids. Palm TRFs (oil suspensions) 

are manufactured from crude palm oil using a trans-esterification reaction, followed 

by a multi-stage molecular distillation process.  

(2) Extraction and Reaction Process: Crude palm oil contains the highest natural level of 

mixed carotenoids and palm TRF in nature (500 part per million (ppm) and 800 ppm of 

carotenoids and TRF, respectively). In addition to these two phytonutrients, there are 

other minor components naturally found in palm oil such as sterols, squalene, and Co-

Q10. These phytonutrients (minor components) make up about 1% in total of the oil. The 

remaining 99% is basically the oil (triglycerides). A patented process (US Patent No. 

5,157,132) extracts and concentrates this 1% of minor components in the fruits of oil 

palm. In the process, crude palm oil is converted to methyl esters and glycerol through 
8 
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transesterification via the addition of methanol in the presence of sodium methoxide 

(catalyst). The minor components such as the mixed carotenoids, vitamin E, squalene, 

sterol, etc. are not involved in this reaction and are not changed chemically or structurally. 

The ratio, chemical structure, and characteristics remain the same in the starting natural 

crude palm oil. The reaction process targets and involves only the oil part (triglycerides).  

(3)  Molecular Distillation Process: Molecular distillation is a unique and well-known 

process for distilling heat-sensitive materials such as essential oils and antioxidants. It 

uses an extremely high vacuum and low temperature technology to distill materials such 

as methyl esters and antioxidants. In the molecular distillation process and with such an 

extreme vacuum, all the methyl esters will be distilled out to leave a concentrated residue 

of phytonutrients (including carotenoids and vitamin E). With the vigorous hot water 

wash, vacuum drying, and molecular distillation, any residue or unreacted compounds are 

taken out. The concentrated residue then is subjected again to molecular distillation 

(varying vacuum and temperature) to recover the individual components – mainly TRF, 

mixed carotenes, and phytosterols. To manufacture high concentrations and purities of T3, 

conventional high performance liquid chromatography (HPLC), involving an organic 

solvent mobile phase (a mixture of hexane, ethyl acetate, and methanol) and a stationary 

phase, silica, can be used. Then, ultra high vacuum rotary evaporation removes the 

solvents used in the manufacturing process. 

Alternatively, the following process can be used: Crude palm oil is degummed by 

treating with food grade phosphoric acid to remove phospholipids. The degummed oil 

then is mixed with bleaching earth (activated calcium montmorillonite) to absorb 

pigments and particles as well as any metal contamination and oxidizing materials that 
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may be in the oil. The oil-earth mixture then is passed through filters where the spent 

earth is removed together with the precipitated materials from degumming.  The bleached 

oil is first de-aerated and then collected separately as a process by-product. The T3 in the 

resultant material is concentrated using a multistage physical process without the use of 

solvents. To manufacture higher concentrations of T3, standard solvent-based 

chromatography may be used to further separate and fractionate the materials, thus 

increasing the concentration and purity. 

2. Production of Palm TRF, Water Soluble Emulsion: TRF liquids (>50% tocols) are the starting 

materials for the formulation of water-soluble emulsions of palm TRF. Glycerine and a 

proprietary blend of emulsifiers, such as mono- and diglycerides, sorbitan (GRAS; 

21CFR173.110 and 172.842), sugar esters, starch derivatives, and surfactants) are added into 

palm TRF liquids. The mixture then is homogenized into an emulsion.  

3. Non-water Dispersible Powder: TRF liquids (>30% tocols) are the starting materials for the 

formulation of a cold water dispersible powder of palm TRF. A powder carrier (modified corn 

starch, maltodextrin, tapioca dextrin, corn starch, or sodium caseinate (GRAS; 

21CFR182.1748)), with and without an anti-caking ingredient such as 5% calcium silicate), is 

added into palm TRF. The mixture is dried and milled or alternatively spray dried into a dry 

powder. 

4. Production of Palm TRF, Beadlets: TRF liquids (>50% tocols) are the starting material for the 

formulation of palm TRF beadlets. Gelatin, corn starch, sucrose (GRAS; 21CFR184.1854), 

and ascorbyl palmitate (GRAS; 21CFR184.3149) are added into palm TRF liquids. The 

mixture is spray dried into dry beadlets. 
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5. Production of palm TRF, Bioenhanced  Suspension: Palm TRF liquids (>50% tocols) are the 

starting material for the formulation of palm TRF, Bio-enhanced Suspension. A proprietary 

blend of emulsifiers (including glycerides and starch derivatives) are added into palm TRF 

liquids and undergo various physical processing such as high-speed stirring and 

homogenization to produce Tocomin® SuprabioTM. 

 

F. Specifications 

Tables 2-1 to Table 2-31 list specifications of palm TRF. In general, specifications have 

the following common characteristics. (1) Palm TRF is a mixture of T3 and α-T and the content 

of α-T is 20-30% of the total tocols present in palm TRFs. For example, palm TRF of Carotech 

and Davos contain approximately 20% and 25-30% of α-T, respectively. (2) Any number in the 

product name indicates the concentration (as a percentage) of total tocols; for example, DVL 30 

means the product contains 30% tocols and 70% (100%-30%) of other components. (3) The 

maximum moisture concentration is 0.5-1% in a liquid form of palm TRF. (4) Palm TRFs are 

available in many forms: liquid (oil suspension), powder, water-soluble emulsion, beadlets, and 

bio-enhanced suspension. (5) Among components other than T3-T, the liquid form contains 

mostly palm oil (GRAS; 21CFR184.1259). The powder form of palm TRF contains maltodextrin 

(GRAS; 21CFR184.1444), modified corn starch (GRAS; 21CFR172.892), cyclodextrin (GRAS; 

21CFR170.36, GRN 000074), tapioca starch, or corn starch instead of palm oil. Water soluble 

TRF contains a mixture of water, sucrose (GRAS; 21CFR184.1854), propylene glycol (GRAS; 

21CFR184.1666), glycerol (GRAS; 21CFR182.1320), palm oil, and sucrose monopalmitate 

(GRAS; 21CFR172.859), instead of palm oil. The emulsion form of palm TRF contains a 

mixture of glycerine (GRAS; 21CFR182.1320) and mono-and diglycerides instead of palm oil. 
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The beadlet form contains a mixture of gelatin, corn starch, sucrose, and ascorbyl palmitate 

(GRAS; 21CFR184.3149) instead of palm oil.  

Palm TRFs also contain phytosterols and squalene as minor components. Vegetable oil 

sterol esters (including beta-sitosterol, campesterol, and stigmasterol; 21CFR170.36, 

GRN000048) and squalene (from olive oil and other oils; 21CFR170.36, GRN000048) are 

recognized as GRAS substances.  

Unless noted otherwise, the palm TRFs have the following common specifications: 

peroxide value <10 meq/kg, lead <0.5 ppm, standard plate count <1000 CFU/g, yeast and mold 

<100 CFU/g, and E. coli and Salmonella-negative. Examples of analytical data for each T3 

preparation are shown in the appendix. 
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Table 2-1.  Specifications of Carotech Palm TRF - Tocomin® 30% (oil suspension) 

Item Minimum Maximum 
α-T3, % 6.5 9.0 
β -T3, % 1.0  
γ-T3, % 12 14 
δ-T3, % 3.3 5.0 
α-T, % 6.0 9.0 
Total T3 and α-T, % 30.0  
Palm oil, %  65.0 
Moisture, %  1.0 
Plant squalene, % 4.0  
Phytosterols, % 1.0  
Mixed carotene, % 0.03  

 

Table 2-2.  Specifications of Carotech Palm TRF - Tocomin® 50% (oil suspension) 

Item Minimum Maximum 
α-T3, % 11.0 14.0 
β -T3, % 1.5  
γ-T3, % 20.0 24.0 

δ-T3, % 5.5 7.0 
α-T, % 10.0 14.0 
Total T3 and α-T, % 50.0  
Palm oil, %  39.0 
Moisture, %  1.0 
Plant squalene, % 8.0  
Phytosterols, % 3.0  
Mixed carotene, % 0.05  

 

Table 2-3.  Specifications of Carotech Palm TRF - TocomaxTM 20% (powder) 

Item Minimum Maximum 
α-T3, % 4.5 6.0 
β -T3, % 0.5  
γ-T3, % 8.0 10.0 

δ-T3, % 2.0 3.0 
α-T, % 4.0 6.0 
Total T3 and α-T, % 20.0  
Palm oil, % 20.0  
Corn starch, % 52.0  
Moisture, %  8.0 
Plant squalene, % 3.0  
Phytosterols, % 1.0  
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Table 2-4.  Specifications of Carotech Palm TRF - Tocomin Suprabio TM 20% (bio-
enhanced suspension) 

Item Minimum Maximum 
α-T3, % 4.4 6.0 
β -T3, % 0.6  
γ-T3, % 8.0 9.6 

δ-T3, % 2.2 2.8 
α-T, % 4.0 5.6 
Total T3 and α-T, % 20.0  
Palm oil, % 20.0  
Emulsifiers, plant-based, % 55.0  
Moisture, %  1.0 
Plant squalene, % 3.0  
Phytosterols, % 1.5  
Mixed carotene, % 0.02  

 
Table 2-5.  Specifications of Carotech Palm TRF - Tocomin Suprabio TM 25% (bio-
enhanced suspension) 

Item Minimum Maximum 
α-T3, % 5.5 7.0 
β -T3, % 0.75  
γ-T3, 5 10.0 12.0 

δ-T3, % 2.75 3.5 
α-T, % 5.0 7.0 
Total T3 and α-T, % 25.0   
Palm oil, % 25.0  
Emulsifiers, plant-based, % 44.0  
Moisture, %  1.0 
Plant squalene, % 4.0  
Phytosterols, % 1.5  
Mixed carotene, % 0.02  

Plant based emulsifiers: Modified corn starch, maltodextrin, cyclodextrins, or corn starch. 
 
Table 2-6.  Specifications of Carotech Palm TRF - Tocosem TM 1.5% (water-soluble 
emulsion) 

Item Minimum Maximum 
α-T3, % 0.3 0.36 
β -T3, % 0.05  
γ-T3, % 0.5 0.52 

δ-T3, % 0.35 0.36 
α-T, % 0.28 0.29 
Total T3 and α-T, % 1.48   
Glycerine, % 82.0  
Emulsifiers, plant-based, % 15.0  
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Plant based emulsifiers: Modified corn starch, maltodextrin, cyclodextrins, or corn starch. 
 
Table 2-7.  Specifications of Carotech PalmTRF - Tocobeads®  7.5% (beadlets) 

Item Minimum Maximum 
α-T3, % 1.65 2.1 
β -T3, % 0.15  
γ-T3, % 3.0 3.6 

δ-T3, % 0.8 1.05 
α-T, % 1.5 2.1 
Total T3 and α-T, % 7.5   
Palm oil, % 7.5  
Alginate, % 40.0  
Gum Arabic, % 5.0  
Pea starch, % 34.0  
Moisture, %  8.0 

 

Table 2-8. Specifications of Davos palm TRF - Tocotrienol Concentrate DVL 30 (oil suspension) 
Item Typical content Minimum Maximum 
α-T3, % 8.3   
β -T3, % 0.6   
γ-T3, % 11.6   

δ-T3, % 3.4   
α-T, % 9.1   
Total T3 and α-T, %  30.0 49.9 
Palm oil, %  60.1 70 
Moisture, %   1.0 
Peroxide value, meq/kg   5.0  

 

Table 2-9. Specifications of Davos palm TRF - Tocotrienol Concentrate DVL 50 (oil suspension) 
Item Typical content Minimum Maximum 
α-T3, % 13.4   
β -T3, % 1.4   
γ-T3, % 18.5   

δ-T3, % 5.7   
α-T, % 14.7   
Total T3 and α-T, %  50.0 59.9 
Palm oil, %  40.1 50 
Moisture, %   1.0 
Peroxide value, meq/kg   5.0  
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Table 2-10. Specifications of Davos palm TRF – Tocotrienol Concentrate DVL 70 (oil 
suspension) 

Item Typical 
content 

Minimum Maximum 

α-T3, % 18.8   
β -T3, % 2.0   
γ-T3, % 25.9   

δ-T3, % 8.0   
α-T, % 20.6   
Total T3 and α-T, %  70.0 79.9 
Palm oil, %  20.1 30.0 
Moisture, %   1.0 
Peroxide value, meq/kg   5.0  

 
 

Table 2-11. Specifications of Davos palm TRF powder- Tocotrienol Powder - DVL 7.5 

Item Typical content Minimum Maximum 
α-T3, % 2.0   
β -T3, % 0.2   
γ-T3, % 2.8   

δ-T3, % 1.0   
α-T, % 2.0   
Total T3 and α-T, %  7.5 10.0 
Moisture, %   5.0 

 

Table 2-12. Specifications of Davos palm TRF powder- Tocotrienol Powder - DVL 10 

Item Typical content Minimum Maximum 
α-T3, % 3.0   
β -T3, % 0.4   
γ-T3, % 4.1   

δ-T3, % 1.3   
α-T, % 3.5   
Total T3 and α-T, %  10.0 19.9 
Moisture, %   5.0 
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Table 2-13. Specifications of Davos palm TRF powder - Tocotrienol Powder DVL 20 

Item Typical content Minimum Maximum 
α-T3, % 5.5   
β -T3, % 0.6   
γ-T3, % 6.7   

δ-T3, % 2.1   
α-T, % 6.3   
Total T3 and α-T, %  20.0 29.9 
Moisture, %   5.0 

 

Table 2-14. Specifications of Davos palm TRF powder - Tocotrienol Powder DVL 30 

Item Typical content Minimum Maximum 
α-T3, % 7.0   
β -T3, % 0.8   
γ-T3, % 9.5   

δ-T3, % 3.8   
α-T, % 9.6   
Total T3 and α-T, %  30.0 39.9 
Moisture, %   5.0 

 

Table 2-15. Specifications of Davos palm TRF – Water Soluble (WS) Tocotrienol 1.5% 

Item Typical content Minimum Maximum 
α-T3, % 0.4   
β -T3, % <0.1   
γ-T3, % 0.5   

δ-T3, % 0.2   
α-T, % 0.5   
Total T3 and α-T, %  1.5  
Moisture, %   5.0 

 

Table 2-16. Specifications of Carotino Palm TRF 10% (oil suspension) 

Item Minimum Maximum 
Total T3 and α-T, % 10.0  
Palm oil, %  90 
Moisture, %  1.0 
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Table 2-17. Specifications of Carotino Palm TRF 20% (oil suspension) 

Item Minimum Maximum 
Total T3 and α-T, % 20.0  
Palm oil, %  80 
Moisture, %  1.0 

 

Table 2-18. Specifications of Carotino Palm TRF 50% (oil suspension) 

Item Minimum Maximum 
Total T3 and α-T, % 50.0  
Palm oil, %  50 
Moisture, %  1.0 

 

Table 2-19. Specifications of Carotino Palm TRF 80% (oil suspension) 

Item Minimum Maximum 
Total T3 and α-T, % 80.0  
Palm oil, %  20 
Moisture, %  1.0 

 

 Table 2-20. Specifications of SD Bioganic Palm TRF Bio Tri.E 20 

Item Average Minimum Maximum 
A mixture of T3, % 15   
α-T, % 5 (25% of the 

total tocols) 
  

Total T3 and α-T, % 20  19.5  
Palm oil, %   80.5 
Moisture, %   1.0 

 
 
Table 2-21. Specifications of SD Bioganic Palm TRF Bio Tri.E 30 or Gold Tri.E 30 
(amber liquid, bland taste) 

Item Average  Minimum Maximum 
A mixture of T3, % 22.5   
α-T, % 7.5   
Total T3 and α-T, % 30.0 29.5  
Palm oil, %   70.5 
Moisture, %   1.0 
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Table 2-22. Specifications of SD Bioganic Palm TRF Gold Tri.E 50  

Item Average  Minimum Maximum 
A mixture of T3, % 37.5   
α-T, % 12.5 (25% of the 

total tocols) 
  

Total T3 and α-T, % 50.0 49.5  
Palm oil, %   50.5 
Moisture, %   1.0 

 

Table 2-23. Specifications of SD Bioganic Palm TRF - Gold Tri.E 70  

Item Average  Minimum Maximum 
A mixture of T3, % 52.5   
α-T, % 18.75 (25% of the 

total tocols) 
  

Total T3 and α-T, % 70.0 69.5  
Palm oil, %   30.5 
Moisture, %   1.0 

 

Table 2-24. Specifications of P SD Bioganic Palm TRF - Gold Tri.E 20 Powder 

Item Average Minimum Maximum 
A mixture of T3, % 15   
α-T, % 5    
Total T3 and α-T, % 20  19.5  
Palm oil, %   30 
Matodextrin, %   40 

SD Bioganic Palm TRF powder products contain Na caseinate and plant-based emulsifiers (5%) 
and calcium silicate (5%) as an anticaking agent. 
 

Table 2-25. Specifications of SD Bioganic Palm TRF - Gold Tri.E 30 Powder 

Item Average  Minimum Maximum 
A mixture of T3, % 22.5   
α-T, % 7.5   
Total T3 and α-T, % 30.0 29.5  
Palm oil, %   30 
Matodextrin, %   30 
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Table 2-26. Specifications of SuperVitamins Palm TRF - Super T25  

Item Minimum Maximum 
α-T3, % 5.6  
β -T3, % 0.4  
γ-T3, % 7.9  

δ-T3, % 3.8  
α-T, % 6  
Total T3 and α-T, % 25.0  
Palm oil, %  75  
Moisture, %  1.0 

 

Table 2-27. Specifications of SuperVitamins Palm TRF - Super T30 

Item Minimum Maximum 
α-T3, % 5.6  
β -T3, % 0.4  
γ-T3, % 7.9  

δ-T3, % 3.8  
α-T, % 6  
Total T3 and α-T, % 30.0  
Palm oil, %  70  
Moisture, %  1.0 

 

Table 2-28. Specifications of SuperVitamins Palm TRF - Super T50  

Item Minimum Maximum 
α-T3, % 12.5  
β -T3, % 0.5  
γ-T3, % 17.0  

δ-T3, % 7.0  
α-T, % 12  
Total T3 and α-T, % 50.0  
Palm oil, %  50  
Moisture, %  1.0 
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Table 2-29. Specifications of SuperVitamins Palm TRF - Super T80  

Item Minimum Maximum 
α-T3, % 20.0  
β -T3, % 1.0  
γ-T3, % 26.0  

δ-T3, % 12.5  
α-T, % 18.5  
Total T3 and α-T, % 80.0  
Palm oil, %  20  
Moisture, %  1.0 

 

Table 2-30. Specifications of SuperVitamins Palm TRF - Super T Powder 20% 

Item Minimum Maximum 
α-T3, % 5.0  
β -T3, % 0.2  
γ-T3, % 6.8  

δ-T3, % 2.8  
α-T, % 4.8  
Total T3 and α-T, % 20.0  
Moisture, %  8.0 

 

Table 2-31. Specifications of SuperVitamins Palm TRF - Super T Powder 25% 

Item Minimum Maximum 
α-T3, % 6.2  
β -T3, % 0.2  
γ-T3, % 8.5  

δ-T3, % 3.5  
α-T, % 6.0  
Total T3 and α-T, % 25.0  
Moisture, %  1.0 
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G. Analytical methods 

Tocopherols and T3 can be analyzed by high performance liquid chromatography 

(HPLC) with an ultraviolet (UV), liquid chromatography-mass spectrometry (LC-MS), or 

fluorescent detector (Yap et al. 1999; Sanagi et al. 2005; Schwartz et al. 2008). Appropriate sample 

preparation methods are to be employed depending on the various matrices. For example, oil 

samples are dissolved in heptane (50–1000 mg/10 ml depending on the expected concentration 

range), filtered in the case of highly concentrated or cloudy solutions, and injected into the 

HPLC system. Margarines and rolling fats are saponified in the presence of 100 mg of ascorbic 

acid as an antioxidant. The vials are flushed with nitrogen for 20 sec before and after addition of 

KOH. Subsequent to saponification and addition of 12 ml of water, analytes are extracted three 

times with 12 ml of heptane–diethyl ether (50:50, v/v). The combined organic extracts are 

washed with 5 ml of 10% aqueous sodium chloride solution (w/v), 10 ml of water and 10 ml of 

0.01M hydrochloric acid, dried over 3 g of sodium sulfate, and evaporated at 30 oC. The solid 

residue can be taken up in 10 ml of heptane and the solution is syringe-filtered prior to HPLC 

analysis. 

The following methods were used in the chemical and microbiological analysis: peroxide 

values by the AOAC 965.33 method; total plate count and yeast and mold by the USP 2021 

method; E.coli and salmonella by the USP 2022 method; and lead by inductively coupled plasma 

mass spectrometry (ICP/MS) or atomic absorption (AA) spectrophotometry. 
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II. Natural occurrence and exposure to T3 and α-T. 

A. Food sources of T3 and T 

Table 3 lists the T3 and α-T content of foods eaten by Americans (Franke et al. 2007). 

Intakes of T3 were mainly associated with the consumption of cereal products, margarine, and 

oils (Chun et al. 2006; Franke et al. 2007; Schwartz et al. 2008). The relative abundance of the 

vitamin E homologues (T and T3) in a specific preparation depends on the species of plant and 

the extraction procedure used. Palm oil contains significant quantities of T3. Other sources of T3 

are coconut oil, cereal grains including rice, barley, rye, wheat, and nuts. Palm, rice bran, oat, 

and barley contain vitamin E mostly as the T3 (Ong 1993). The common sources of commercial 

vitamin E such as soy, corn, cottonseed, canola, and sunflower oil distillates contain little or no 

T3. Unlike water-soluble vitamins, T is relatively stable during processing; vitamin E losses after 

bread making were close to 30% (Nandith and Prabhasankar 2009). During frying at 175 C, 

tocopherols have a slow degradation rate with a half-life over 72 h  (Normand et al. 2001). 
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Table 3. Sources of T3 and α-tocopherol (α-T) in foods; mg/kg 

Foods T3 α -T 
Nuts 
almonds, honey-roasted 8.3 185.3 
macadamia nuts, dry-roasted 20.9 0.8 ± 1.1 
mixed nuts, oil-roasted, with peanuts 9.5 69.6 ± 6.6 
peanuts, dry-roasted 12.1 69.1 ± 0.8 
peanuts, boiled 5.3 36.9 
Oils and fats 
corn oil 81.3 222.1 ± 66.2 
corn oil 25  
margarine, 60% fat 18.3 33.7 ± 6.7 
margarine, 70% fat 20.7 63.4 
palm oil 738 160.8 - 279 
safflower oil 59.1 391.2 ± 190.9 
sesame oil <2 65.0 ± 2.4 
sunflower oil <2 541.8 
Salad dressing 
fat-free mayonnaise 1.8 0.7 
blue cheese salad dressing 4.0 16.3 ± 8.1 
French salad dressing 4.7 19.3 ± 26.0 
Italian salad dressing 15.1 40.7 ± 8.8 
Oriental salad dressing 8.3 22.1 ± 25.1 
ranch salad dressing 1.6 2.4 ± 0.7 
sesame and miso salad dressing 15.6 57.9 
sesame ginger salad dressing 28.7 9.0 ± 10.6 
thousand island dressing 8.9 16.3 ± 12.0 
Fish and meats   
ahi (block) raw <0.04 6.4 ± 2.4 
ahi (filet), raw <0.04 1.6 
meat ball 0.075 0.75 
manapua (char siu) 7.8 1.2 
manapua (pork) 2.6 2.8 
salmon (filet), raw Atlantic 0.33 37.7 ± 13.3 
salmon (steak), raw Atlantic 0.13 32.4 
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Table 3. Sources of T3 and α-tocopherol (α -T) in foods; mg/kg - continued 
Foods T3 α- T 
Grain based products 
wheat 8.51 2.3 ± 1.0 
cereals 11.9 7.7 ± 4.2 
chocolate chip cookies 16 18.7 ± 11 
fig bars 4.8 8.4 ± 3.5 
fried noodles (chow mein) 5.2 9.2 ± 9.2 
fried noodles (top ramen) 52.7 16.3 ± 4.8 
spaghetti/marinara pasta sauce 4.2 10.9 ± 3.1 
pie crust, Graham cracker 15.1 12.6 
pie crust, frozen, baked 6.5 15.0 
popcorn, Microwave 13.2 25.4 ± 2.4 
potato chips, plain, salted 11.1 37.5 ± 14.3 
potato chips, plain, salted, 
hydrogenated oils 

18.6 76.5 ± 25.3 

Fruits and products 
jack fruit 0.4 10.4 
mango <0.32 7.9 ± 0.9 
papaya (green) <0.33 0.7 
papaya (red) <0.33 1.1 ± 0.4 
papaya (yellow) 2.6 6.8 ± 8 
Tamarind, raw 0.33 <0.01 
Vegetable and products 
bell pepper, red 1.13 20.8 ± 14.1 
beet greens 4.2 13.9 
broccoli, frozen 0.13 4.8 
carrot juice 0.8 1.0 
chili, hot pepper paste 3.2 12.1 
Chinese cabbage 0.33 2.6 ± 0.8 
collard, frozen 1.9 18.5 
dandelion greens 1.2 7.0 
spinach, canned, whole leaf 9.5 20.9 ± 3.7 
spinach, fresh 1.7 11.4 ± 2.0 
sweet potatoes 0.13 2.1 
taro root 1.2 4.1 ± 14.1 
tomato 1.4 5.5 
tomato soup, canned 1.33 2.1 ± 0.2 
turnip greens 1.9 19.6 
turnip greens, frozen 2.1 19.2 
tofu, fried 3.0 18.1 
Miscellaneous foods   
dairy products 0.14 1.16 
poi 0.23 2.0 ± 0.4 
Adopted from Chun et al. 2006, Franke et al. 2007, Heinonen 1991, Ong 1993, and Schwartz 2008. 
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The α -T and T3 content of T3 and T of palm oil and rice bran oil. These oils have similar TRF 

composition profiles. 

 

Table 4. Content of T3 and T present in palm oil and rice bran oil (mg/kg) 

 α -T T3 
  Alpha (α) Beta (β)  Gamma (γ) Delta (δ) total 
Palm oil 1 256 143 32 286 69 530 
Palm oil 2 279  274 - 398 69 741 
Rice bran 
oil 

324 236  349  >909 

 Adopted from EFSA 2008 
 

B. Intended use  

Table 5 presents primary applications of palm TRF that include fats or oils, such as salad 

dressing, mayonnaise, margarine, and spread, potato chips and salty snacks, bakery products, 

ready-to-eat cereals, meal replacement and other functional beverages, meatless soups, soup mix 

meatless gravies, sauces, pasta sauces, processed juices, processed fruits, juice drinks and punch, 

frozen dairy desserts, yogurt, pudding, gelatin products, chocolate milk, flavored milk, soy milk 

and products, chocolate, candy, confectionary, sweets, beverages, and chewing gum.  Intended 

use levels for each food category are expressed as mg/serving as well as % Daily Values (DV) of 

vitamin E (α-T). However, it is not possible to express the dosage levels of T3 as %DV as there is 

no established DV for T3. 
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Table 5. Intended use of palm TRF 

 
 

Recommended levels, 
mg/serving 

Maximum levels, 
mg/serving 

Food category, serving size tocols  T3 α-T tocols  T3 α-T 

%DV of  
Vit. E (α-
T) 

margarine and spread,  
1 TSP=13.6 g  

2.04 1.53 0.51 21.8 16.3 5.5 3-30% 
DV  

designer fats and oils,  
1 TSP=13.6 g  

2.04 1.53 0.51 21.8 16.3 5.5 3-30%  

salad dressing and mayonnaise, 
27.2 g 

1.36 1.02 0.34 13.6 9.8 3.4 2-20%  

potato chips and salty snacks,  
30 g 

1.5 1.125 0.375 7.5 5.62 1.88 2-11%  

bakery products (breads, rolls, 
croissants), 30-50 g 

1.5 1.125 0.375 14.4 10.8 3.6 2-20% 

Cookies, crackers, 25 g 1.25 0.94 0.31 7.5 5.62 1.88 2-11%  
RTE cereals, cereal bars, granola 
bars, protein bars, and power bars, 
30 g  

7.5 5.6 1.9 75 56.25 18.75 10-100% 

meal replacement and other 
functional beverage products (240 
g) and mixes  

7.2 5.4 1.8 72 54 18 10-100% 

meatless meat products (soy 
based), 70 g 

1.05 0.79 0.26 7.0 5.25 1.75 1.5-10%  

meatless soups (240 g) and soup 
mix 

2.7 2.02 0.68 5.4 4.04 1.36 3-8%  

meatless gravies, sauces, and pasta 
sauces, 70 g 

0.9 0.68 0.22 1.8 1.36 0.44 1-2.5%  

processed juice, 240 g 7.2 5.4 1.8 72 54 18 10-100% 
processed fruits, juice drinks, and 
punch, 240 g 

3.6 2.7 0.9 14.4 10.8 3.8 5-20%  

soft drinks, 240 g 2.4 1.8 0.6 7.2 5.4 1.8 3-10%  
frozen dairy desserts and mixes, ½ 
C=68 g 

1.36 1.02 0.34 2.04 1.53 0.51 2-3%  

yogurt, pudding and jello, 240 g 4.8 3.6 1.2 7.2 5.4 1.8 7-10%  
chocolate milk, flavored milk, soy 
milk and products, 240 g 

7.2 5.4 1.8 14.4 10.8 3.6 10-20%  

Chocolate, candy, confectionary 
and sweets, 43 g  

2.4 1.8 0.6 7.2 5.4 1.8 3-10%  

chewing gum, 1 stick 0.06 0.045 0.015 0.18 0.135 0.045 <1%  
Daily Values of vitamin E are based on α –T values only and do not include any contribution from T3. 
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C. Current consumer intake levels 

The Vitamin E intake status of the American population has been estimated using 

Recommended Daily Allowance (RDA) and Tolerable Upper Intake Levels (UL) outlined by the 

Institute of Medicine (IOM) of the U.S. National Academy of Sciences (IOM 2000; Table 6). 

Previous dietary recommendations for vitamin E intake were based on the α-tocopherol 

equivalent (TEV), which was derived by applying conversion factors to all 8 isomers of the 

vitamin E group. However, IOM recognized that α-T is the main form of vitamin E that exerts 

vitamin E activity and that other vitamin E isomers are poorly converted into α-T in humans. For 

dietary recommendation purposes, IOM (2000) has recently established RDAs, estimated 

average requirements (EARs), and ULs for α-T only. Thus, vitamin E intake refers to α-T intake 

in dietary recommendations unless noted otherwise, although other isomers also belong to the 

vitamin E family. The UL is defined as a safe upper level for consumption over a lifetime or the 

highest level of a daily nutrient intake that will most likely present no risk of adverse health 

effects in almost all individuals in the general population. The RDA is the intake level for a 

nutrient at which the needs of 97.5 % of the population will be met. The EAR is the intake level 

for a nutrient at which the needs of 50 percent of the population will be met; thus, the EAR is 

used (such as the percentage of people meeting EAR) when evaluating the nutrient adequacy of 

the population. 

For adults, IOM recommends daily vitamin E (α -T) intake of 15 mg/d. Vitamin E intake 

(α -T) of up to1000 mg/d is considered as safe (IOM 2000). For T3, there are no established ULs.  
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Table 6. Vitamin E (α-T) intake recommendations (IOM 2000) 
Age RDA (mg/d) UL (mg/d) 
1-3 6 200 
4-8 7 300 
9-13 11 600 
14-18 15 800 
19+ 15 1000 

 

 
Based on food consumption data reported in the most recent National Health and 

Nutrition Examination Survey (NHANES; 2005-2006) compiled by the U.S. Department of 

Health and Human Services, National Center for Health Statistics and the Nutrition Coordinating 

Center, estimates of 2-d (d) average intakes of vitamin E (as α-T) and T3 were calculated from 

the food code list and the survey database of diet recalls. The usual intake estimation procedure 

requires multiple days of nutrient intake data for at least a representative subsample of the 

individuals in the sample in order to estimate variances (Goldman 2005).  The NHANES 

provides the most current food consumption data available for the American population. The 

NHANES was conducted between 2005-2006 with non-institutionalized individuals in the U.S. 

In each of the two survey yrs, data were collected from a nationally representative sample of 

individuals of all ages.  

The food and dietary supplement record for each individual includes the gram weight and 

nutrient data for all foods consumed during the day of the recall. All estimates were generated 

with USDA sampling weights to adjust for differences in representation of subpopulations.  

The NHANES food code list includes the α-T content of each food, but not T3 values. 

Thus, the T3 content was developed by taking the α-T content for each food and multiplying it 

by a conversion factor to estimate the current consumption levels of T3. Based on published 

vitamin E composition tables (Chun et al. 2006, Franke et al. 2007, Heinonen 1991, Ong 1993, 
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and Schwartz 2008), the ratio of T3: α-T (i.e., a conversion factor) was determined for each food 

by category.  The categories and conversion factors are listed in Table 7. 

 

Table 7. Conversion factors of vitamin E 

Food category Conversion Factor: 
from α-T to T3 

Breads, cookies, cereals, and cereal Bars 1.21358 
Pasta 1.71 
Desserts 0.7826 
Nuts 0.1551 
Popcorn 0.52 
Potato chips and salty snacks 0.26 
Margarine, fats, and oils 0.1357 
Dressings, spreads, and mayonnaise 0.4723 
Fruits and fruit products 0.1658 
Vegetables, excluding sweet potatoes 0.1976 
Sweet potatoes 0.062 
Fried tofu 0.1657 
Poi 0.115 
Eggs and egg products 0.0238 
Dairy products 0.1207 
Mixed dish mostly grain 1.21 
Mixed dish mostly beef or chicken 0.1 
Fish products 0.00513 
Pork products 0.9286 
General foods (other foods) 0.55 

 

The most up-to-date vitamin E (α-T) and T3 intake status for the U.S. population ages 1 

yr and older are presented in Tables 8 and 9 (NHANES 2005-2006). The median intakes of T3 

in the U.S. are estimated to be 2.2 mg/d for children aged 1-3 yr and 3.2 mg/d for the population 

aged 1 yr and above (the entire population)(Cho et al. 2009). The median intakes of vitamin E (α-

T) are estimated to be 3.6 mg/d for children aged 1-3 yr and 5.8 mg/d for the population aged 1 

yr and above; these intakes correspond to approximately 40-56% of RDAs. Over 98% of the U.S. 
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population did not meet the daily recommended intake of vitamin E and over 94% of the 

population did not meet the EAR.  Based on the previous nutrient adequacy data that showed a 

similar trend as shown in this analysis, the USDA Dietary Guideline (DG) Committee has 

classified vitamin E as a shortfall nutrient low in the American diet (USDA 2004). None of 

population consumes vitamin E above UL levels; in the 2005-2006 NHANES, the 90th percentile 

intakes were estimated to be 5.1 and 12.5 mg/d in young children aged 1-3 yr and the entire 

population, respectively (Cho et al. 2009). These values represent less than 1.6-3% of the ULs 

established for these age groups.  

 
Table 8. Tocotrienol and vitamin E (α-T) intakes before the intended use (NHANES 2005-2006) 
 

Tocotrienol Alpha Tocopherol 
Age, 
yr Intake Type N Median SE 

90th 
Pctl SE Median SE 

90th 
Pctl SE 

1+ Daily intake, mg/d 8792 3.1 0.03 8.1 0.14 5.8 0.04 12.5 0.18 
1+ Daily intake,  

mg/kg BW/d 
8720 0.05 0.00 0.15 0.00 0.09 0.00 0.22 0.01 

1-3 Daily intake, mg/d 789 2.2 0.06 3.5 0.17 3.6 0.07 5.1 0.22 
1-3 Daily intake,  

mg/kg BW/d 
787 0.17 0.00 0.26 0.01 0.28 0.01 0.39 0.02 

Pctl = Percentile; kg BW=kg body weight  
 
 
 
Table 9. Nutrient adequacy of vitamin E (α-T) before the intended use (NHANES 2005-2006) 
 

Usual Intake, mg/d EAR RDA UL 
Age, yr N Mean SE % Above SE % Above SE % Above SE 
1+ 8792 6.4 0.05 6.4 1.8 1.6 0.9 0 0 
1-3 789 3.9 0.05 10.5 8.4 2.5 4.3 0 0 
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D. Estimated Daily Intake of T3 and α-T from GRAS Uses 

Using food intake data reported in the 2005-2006 NHANES, exposure levels to MPOB 

T3 and α-T that will result from the intended uses were estimated. Results of the exposure 

estimates after fortification with palm TRF in foods for the U.S. population ages 1 yr and older 

are presented in Table 10. The intended use models are reported at two different levels: The first 

set of estimates is based on the assumption that 20% of the products in each food category will 

be under the intended use (assuming 18% of users will consume the recommended levels and 

additional 2% of users will consume the maximum levels of intended use; total 20%). The 

second set of estimates is based on the assumption that 100% of the products are used at the 

maximum levels of T3 specified in the intended use (assuming 95% of users will consume the 

recommended levels and additional 5% of users will consume the maximum levels of intended 

use: total 100%). This is a highly unlikely scenario since it is not possible to use all the food 

groups under the intended use. Also wastage and other losses should be considered.  

Assuming that 20% of the product will be used under the intended use, the median 

intakes including palm T3 from all GRAS proposed use categories by users of one or more foods 

is 6.4 mg/d for children aged 1-3 yr and 8.6 mg/d for the entire population. The 90th percentile 

intakes including MPOB T3 from all GRAS proposed use categories by users of one or more 

foods are 9.4 mg/d for children aged 1-3 yr and 17.4 mg/d for the entire population. These levels 

correspond to 0.68 mg/kg BW/d for children aged 1-3 yr and 0.35 mg/kg BW/d for the entire 

population (Table 11). These levels are more than 100x below the no-observed-adverse-effect 

level (NOAEL) values that have been found from sub-chronic and chronic toxicity studies in rats 

(Nakamura et al. 2001; Tasaki et al. 2008). 
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Even if 100% of the product will be used under the intended use, the median intakes 

including T3 from all GRAS proposed use categories by users of one or more foods is 19.1 mg/d 

for male children aged 1-3 yr and 23.8 mg/d for the entire population. The 90th percentile intakes 

including MPOB T3 from all GRAS-proposed use categories by users of one or more foods are 

28.6 mg/d for children aged 1-3 yr and 49.2 mg/d for the entire population.  These levels 

correspond to 2.07 mg/kg BW/d for children aged 1-3 yr and 0.99 mg/kg BW/d for the entire 

population (Table 10).  

Estimated exposure to vitamin E (α-T) is presented in Tables 10 and 11. Intended use 

would significantly improve the vitamin E intake status of Americans. An assumption that 20 % 

of that population are consumers of MPOB α-T leads to estimates of dietary exposure of 

approximately 7.1 mg/d (or 0.54 mg/kg BW/d) for children aged 1-3 yr and 17.9 mg/d (or 0.35 

mg/kg BW/d) for the entire population. Even if 100% of the product will be used under the 

intended use, the 95th percentile intakes including α-T from all GRAS-proposed use categories 

are 13.3 mg/d (or 1.0 mg/kg BW/d) for children aged 1-3 yr and 29.0 mg/d (or 0.63 mg/kg 

BW/d) for the entire population. These levels are far below the ULs established by IOM; 200 

mg/d for children aged 1-3 yr and 1,000 mg/d for adults. While no population consumes vitamin 

E above the UL, intended use would increase the percentages of people meeting EAR and RDA 

(Table 11; Cho et al. 2009).  Also, these exposure levels are within the Acceptable Daily Intake 

(ADI) of 0.15-2 mg/kg BW/d as defined by the Joint FAO/WHO Expert Committee on Food 

Additives (JECFA; EFSA 2008; WHO 1986). 
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Table 10. Estimated exposure under the intended use  
 

Tocotrienols Vitamin E (α-T) 

Age Intake Type N Median SE 
90th 
Pctl SE Median SE 

90th 
Pctl SE 

Assuming 20% of products are under the intended use 
1+ Daily Intake, mg/d 8792 8.6 0.06 17.4 0.23 7.30 0.04 14.6 0.19 
1+ Daily Intake, 

mg/kg BW/d 
8720 0.13 0.00 0.35 0.01 0.11 0.00 0.27 0.01 

1-3 Daily Intake, mg/d 789 6.4 0.13 9.4 0.36 4.7 0.08 6.4 0.33 
1-3 Daily Intake, 

mg/kg BW/d 
787 0.48 0.01 0.68 0.03 0.35 0.01 0.49 0.02 

Assuming 100% of products are under the intended use 
1+ Daily Intake, mg/d 8792 23.8 0.16 49.2 0.63 11.9 0.07 22.3 0.25 
1+ Daily Intake, 

mg/kg BW/d 
8720 0.36 0.00 0.99 0.02 0.18 0.00 0.43 0.01 

1-3 Daily Intake, mg/d 789 19.1 0.41 28.6 1.18 6.23 0.10 11.2 0.38 
1-3 Daily Intake, 

mg/kg BW/d 
787 1.42 0.01 2.07 0.10 0.60 0.01 0.83 0.03 

 
 
 
Table 11. Nutrient adequacy of Vitamin E (α-T) under the intended use  
 

Usual intake,  EAR RDA UL Age, 
yr 

N 
Mean, 
mg/d  

SE Mean,  
% RDA 

% 
Above

SE % 
above 

SE % 
Above

SE 

Assuming 20% of products are under the intended use 
1+ 8792 7.90 0.06 62.2 17.1 2.1 5.8 1.5 0 0 
1-3 789 4.93 0.06 82.0 39.0 5.9 14.4 8.3 0 0 
Assuming 100% of products are under the intended use 
1+ 8792 12.70 0.08 98.2 66.1 1.9 40.7 2.1 0 0 
1-3 789 8.41 0.10 139.7 97.9 3.2 90.1 7.2 0 0 

% Above = percentage of people consuming more than EAR, RDA, or UL. 
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III. Basis for GRAS determination 

A. Current regulatory status. 

It should be noted that α‐T (as a chemical preservative and as the nutrient, vitamin E), 

tocopherols (as a chemical preservative and as the nutrient, vitamin E), and α‐T acetate (as the 

nutrient, vitamin E) are already listed as GRAS ingredients by the US FDA (21 CFR, Part 

184.1890, 182.8890, and 182.8892) when used in accordance with good manufacturing practice. 

Also, T and α-T acetate are included in the "Everything" Added to Food in the United States 

(EAFUS) list. The EAFUS list of substances contains ingredients added directly to food that 

FDA has either approved as food additives or listed or affirmed as GRAS. The CAS number for 

mixed tocopherols is 1406-18-4, which is a mixture of the following T with their own CAS 

numbers: d-α-T, CAS number 59-02-9; d-β-T, CAS number 148-03-8; d-γ-T, CAS number 7616-

22-0; d-δ−T, CAS Number 119-13-1. As mentioned earlier, IOM (2000) and the USDA Dietary 

Guidelines Committee (2004) have recommended the increased consumption of vitamin E for 

Americans of all ages. 

Currently, T3 is not listed as an approved food additive or a GRAS-affirmed 

substance in the U.S. However, dietary supplements containing T3 have been on the market in the 

U.S. as dietary supplements since 1999 under the Dietary Supplements Health and Education Act 

of 1994 (DSHEA).  

Due to the current GRAS approval status of T, this review for GRAS self-affirmation has 

focused on T3. This GRAS determination for TRF is based upon scientific procedures in 

accordance with section 201(s) (21 U.S.C. §321(s)) of the Federal Food, Drug, and Cosmetic Act 

(21U.S.C.§301 et. seq.) (“the Act”), is set forth at 21 CFR 170.30. The following is provided to 

briefly set the stage regarding the GRAS process (US FDA 2008):  
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1) Any substance of natural biological origin that has been widely consumed for its nutrient 

properties prior to January 1, 1958, without known detrimental effect, for which no health 

hazard is known, and which has been modified by processes first introduced into 

commercial use after January 1, 1958, which may reasonably be expected significantly to 

alter the composition of the substance. 

2) Any substance of natural biological origin that has been widely consumed for its nutrient 

properties prior to January 1, 1958, without known detrimental effect, for which no health 

hazard is known, that has had a significant alteration of composition by breeding or 

selection after January 1, 1958, where the change may reasonably be expected to alter the 

nutritive value or concentration of its constituents. 

3) Distillates, isolates, extracts and concentration of extracts of GRAS substances. 

4) Reaction products of GRAS substances. 

5) Substances not of a natural biological origin, including those for which evidence is 

offered that they are identical to a GRAS counterpart of natural biological origin. 

6) Substances of natural biological origin intended for consumption for other than their 

     nutrient properties. 

In general, materials of natural biological origin that have no significant detrimental 

effect and no known health hazard are eligible for GRAS status. Considering that TRF is of 

biological origin, that TRF exists naturally in many foods that have long histories of human 

consumption, and that TRF does not represent a known health hazard, TRF is considered as a 

GRAS substance.  

Documentation qualifying a substance as GRAS has been compiled, where such 

documentation includes technical evidence and common knowledge of safety under the 
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conditions of intended use, as recognized by qualified experts (the Expert Panel). The safety 

requirement for GRAS substances can be supported by this historical consumption (prior to 

1958) as well as by scientific studies. Technical evidence of safety includes the chemical identity 

of the substance, the method of manufacture, analytical data on composition and specifications, 

estimates of dietary exposure, safety data from animal and human clinical studies, and nutritional 

benefits from animal and human clinical studies.  

The European Scientific Committee on Food (SCF) evaluated the safety of TRF for use 

as a food ingredient and concluded that the use of mixed T and T3 as a source of vitamin E in 

food supplements for the general population at the proposed levels of use is not a safety concern 

(EFSA 2008). Proposed levels include up to 1000 mg of T3 per daily dose, which would result in a 

daily intake of 16.7 mg T3/kg BW/d for a 60 kg person. At the international level, the ADI value was 

estimated to be 0.15 – 2 mg/kg BW, calculated as α-T (WHO 1986). Unlike the U.S. IOM and WHO, 

two European expert panels set UL based on TEV. The European SCF set a UL of vitamin E (as d-α-

T) for adults of 300 mg TEV/d (SCF 2003). The U.K. EVM established a NOAEL and UL of 540-

970 mg TEV (EVM 2003). In this GRAS self-affirmation, the U.S. IOM standard (α-T) is adopted in 

estimating dietary exposure levels of vitamin E since USDA Dietary Guidelines and other dietary 

recommendations in the U.S. are based on the IOM standards. 

 

B. Intended technical effects 

1. Natural vitamin E  

Natural vitamin E includes eight chemically distinct molecules: T; and α-, β-, γ- and δ-T3 

(IOM 2000; Traber and Sies 1996). They cannot be synthesized in the body; thus, vitamin E 

must be obtained from the diet (IOM 2000). α-Tocopherol is known to have the most powerful 
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vitamin E activity among these 8 isomers. Table 12 presents the relative biological activities of the 

various tocopherols and tocotrienols in the rat resorption-gestation test (Kamal-Eldin and 

Appelqvist 1996). The biological activities of vitamin E are usually compared based on their 

efficacy, when administered orally, that prevents resorption-gestation in 50 % of female rats deprived 

of vitamin E. Symptoms caused by α-T deficiency can be alleviated by T3 (Khanna et al. 2005a; 

Traber et al. 2004). For example, α-T3 restored fertility in TTP-deficient mice (Jishage et al. 

2001). Thus, T3 may be viewed as being members of the natural vitamin E family, not only 

structurally but also functionally. 

 

Table 12. Relative biological activities (in %) of vitamin E active compounds in the rat  
resorption-gestation test (Kamal-Eldin and Appelqvist 1996). 
 

Form of vitamin E Relative activity in prevention of fetal 
resorption (%) 

d-α-tocopherol (RRR) 100 
d-β-tocopherol (RRR) 25-50 
d-γ-tocopherol (RRR) 1-11 
d-δ-tocopherol 1-3 
d-α-tocotrienol 29-30 
d-β-tocotrienol 5 
d-γ-tocotrienol Not known 
d-δ-tocotrienol Not known 
Adopted from EFSA 2008  

 

2. Antioxidant effects 

It is well known that vitamin E compounds have antioxidant properties (Sen 2007; 

Nesaretnam et al. 2008) and have been used as a food additive to prevent oxidation (Theriault et 

al. 2002; Romero et al. 2004; Rossi et al. 2007).  Tocotrienols, like T, are capable of scavenging 

and quenching free radicals. Their antioxidative activity resides mainly with its chain breaking 

property, which neutralizes peroxyl and alkoxyl radicals generated during lipid peroxidation 
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(Nesaretnam et al. 2008) and T3 is more a potent antioxidant against lipid peroxidation than T 

(Serbinova et al. 1991, 1994; Qureshi et al. 2000; Ahmad et al. 2005). Peroxidation of membrane 

lipids is known to modify and inactivate cellular components, which can have damaging effects 

on crucial cellular factors, leading to disease.  

In addition, antioxidant properties of T3 may have a role in protection against cancer and 

other ailments (Watson and Preedy 2008; Ahn et al. 2007; Cuddihy et al. 2004; Khanna et al. 

2003, 2005a). 

  

C. Review of safety data 

1.  Bioavailability and metabolic fate of T3 

Once ingested, the T3 and α-T form chylomicrons in the intestine when they are released 

and mixed with human gastrointestinal fluid to enter the circulation from the intestine. The 

conversion of chylomicrons to remnant particles results in the distribution of newly absorbed T3 

and α-T to all of the circulating lipoproteins and ultimately to tissues (Traber et al. 2004). In the 

liver, newly absorbed dietary lipids are incorporated into nascent very low-density-lipoproteins 

(VLDL). The liver is responsible for the control and release of α-T into blood plasma. α-

Tocopherol transfer protein (TTP) is required for the release of α-T back into the plasma. α-

Tocopherol transfer protein has the ability to bind to both α-T3 as well as α-T and TTP is known 

to bind to α-T3 with 8.5-fold lower affinity than that for α-T (Hosomi et al. 1997; Khanna et al. 

2005a). The data indicate that tissue delivery of α-T3 is likely to be compromised when α-T and 

α-T3 are co-supplemented (Khanna et al. 2005a).  However, a study of Khanna et al. (2005a) 

with the TTP-deficient mice indicates the existence of a TTP-independent  mechanism for the 

tissue delivery of oral α-T3.  
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Recently it has been demonstrated that γ-T is more rapidly metabolized in women than in 

men (Leonard et al. 2005). In rat studies, delivery of oral α-T3 to the heart of females was more 

efficient compared to that of males (Khanna et al. 2005b; Patel et al. 2006). The accumulation of 

α-T3 in various organs over time was eliminated in 7 wk when the sub-group of rats was 

subjected to a vitamin E-deficient diet. 

 

1) Human clinical trials 

In a human study investigating the pharmacokinetics and bioavailability of T3 (Yap et al. 

2001), eight volunteers were administered a single oral dose of mixed T3 (a 300 mg dose of α-, γ-, 

and δ-T3) under fed or fasted conditions. The bioavailability of α-T3 under the two conditions 

was compared using the outcomes, peak plasma concentration (Cmax), time to reach peak 

plasma concentration (Tmax), and total area under the plasma concentration-time curve (AUC). 

The absorption of each T3 was 100% greater in the fed state and Cmax was achieved between 3 

and 5 h. A statistically significant difference was observed between the fed and fasted 

logarithmic transformed values of Cmax (P < 0.01) and AUC (0-infinity) (P < 0.01) for all three 

T3. However, no statistically significant difference was observed between the fed and fasted 

Tmax values of the three homologues. The mean apparent elimination half-life (t(1/2)) of α-, γ-, 

and δ-T3 was estimated to be 4.4, 4.3 and 2.3 h, respectively, being between 4.5- to 8.7-fold 

shorter than that reported for α-T. No statistically significant difference was observed between 

the fed and fasted t(1/2) values (Hayes et al. 1993).  

Some TRF preparations, such as Tocomin® SuprabioTM, contain emulsifiers, self-emulsifying 

drug delivery systems (Sen 2007). Emulsifiers are known to increase absorption of fat-soluble 
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compounds. A recent study using Tocomin® SuprabioTM  examined the post-absorptive fate of 

tocotrienol isomers (Khosla et al. 2006). The peak plasma concentration of α-T3 (~3 uM) was 2–

3 times more than the peak concentration reported in previous studies using TRF supplements 

not containing emulsifiers (O’Byrne et al. 2000; Yap et al. 2001). 

 
2) Animal Studies 

Orally supplemented α-T3 was successfully delivered to several vital organs among 

which the skin, adipose, ovaries, and the heart seemed to be preferred destinations within the 

body of rats (Khanna et al 2005b; Patel et al. 2006).  α-Tocotrienol that accumulated in organs 

for over 2 yr was almost completely lost from the tissues in less than 2 mo after switching to a  

α-T3-deficient diet (Patel et al. 2006).   The shorter elimination half life of T3 than that of T 

seems to be dependent on its higher metabolic rate and antioxidant property (Traber and Sies 

1996; Birringer et al. 2002; Cuddihy et al. 2004). The ability of long-term oral supplementation 

to maintain and even increase α-T3 levels in vital organs, together with the rapid elimination 

from all organs studied, underscores the need for continuous oral supplementation of T3. The 

transport efficiency of α-T3 to tissues may be maximized by eliminating the co-presence of α-T 

in the oral supplement (Khanna et al 2005b).  

 

a) Nine-generation rat study (Patel et al. 2006) 

Oral supplementation of T3 (5 mg/kg BW; 5 d/wk) for 3 yr in 9 generations of female 

and male rat did not show any adverse effects. In this study, 10 vital organs (including skin, 

adipose, heart, lung, brain, spinal cord, ovary, and testes ) were examined. To gain insight into 

the turnover of α-T3 in tissues, a subset of supplemented rats was moved to a vitamin E-deficient 
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diet for 7 wk. Orally supplemented α-T3 was delivered to all vital organs including the brain and 

spinal cord in significant amounts. In organs such as the skin, adipose, and gonads the maximum 

level of α-T3 achieved in response to supplementation was folds higher than baseline values of 

α-T3 in rats maintained on laboratory chow. The metabolic fate of T3 showed a gender-

dependency.  The level of α-T3 was approximately one magnitude higher in ovaries than in 

testes. Elimination of α-T3 from the enriched ovaries, under conditions of the vitamin E-free diet, 

was observed to be much sharper compared to that from the testes. Females had higher levels of 

α-T3 compared to matched tissues (including skin, heart, and lung) of corresponding males. To 

gain insight into how quickly α-T3 is metabolized in the tissues, washout of α-T3 from vital 

organs was examined. Unlike that for the transport of α-T, the liver does not seem to serve as the 

hub for α-T3 distribution in the body. Levels of α-T3 in the liver were much lower than the 

levels noted in most organs studied.  α-Tocotrienol that accumulated in vital organs over more 

than 2 yr was almost completely lost in less than 2 mo when the supplementation was stopped. 

This is in sharp contrast with findings related to α-T retention.  

 

b) Five-generation rat study (Khanna et al. 2005b) 

A long-term study was conducted to examine the effects of α-T3 or α-T supplementation 

(5 mg/kg BW/d) over 60 wk, either alone or in combination, on tissue levels. Orally 

supplemented α-T3 was successfully delivered to several vital organs. In this study, rats were 

maintained on a vitamin E-deficient diet and gavaged with α-T3 or α-T alone or in combination. 

Five generations of rats were studied over 60 wk. α-Tocopherol transfer protein-deficient mice 

were supplemented with α-T3 and bred to examine tissue delivery of oral α-T3. Orally 

supplemented α-T3 was effectively delivered to most tissues over time. When co-supplemented, 
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α-T outcompeted α-T3 for transport systems delivering vitamin E to tissues. To evaluate the 

significance of TTP in α-T3 delivery to tissues, tissue levels of α-T3 in supplemented TTP-

deficient mice were studied. α-T3 was transported to several vital organs in TTP-deficient mice. 

α-Tocotrienol restored fertility in TTP-deficient mice. The transport efficiency of α-T3 to tissues 

may be maximized by eliminating the co-presence of α-T in the oral supplement.  

The gender-specific effect (better transport of T3 in females than in males) was noted as a 

general trend across all organs studied. The level of α-T3 in the ovary was over 5-fold higher 

than that in the testes from the corresponding males rats. No adverse effects were found.   

 

2. Safety/Toxicity of Palm TRF—Preclinical studies 

The results of various animal studies are summarized in Table 13. All the experiments 

were conducted under good laboratory practice (GLP). As shown in Table 13, a 52-wk chronic 

toxicity study (Tasaki et al. 2008) showed the no-observed-adverse-effect level (NOAEL) as 

0.4% palm TRF in the diet (or 303 mg/kg BW/d for males, and 472 mg/kg BW/d for female rats). 

A subchronic toxicity study of Nakamura et al. (2001) showed no abnormality at the 0.19% TRF 

in diet (or 120 mg/kg BW/d for males, and 130 mg/kg BW/d for female rats). 

A 5 week chick study (Yu et al. 2006) indicated that safe intake was estimated to be up to 1000 

mg/day.  Thus, the NOAEL of TRF appears to be 0.4% in diet, Also a subacute toxicity study 

(14 d) on the TRF from rice bran oil in rats showed that up to 0.5% TRF in the diet was safe 

(Sheppard et al. 1996). In addition, various studies reported cancer-preventive effects of palm 

TRF at lower levels. 
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Table 13. Studies on subacute, subchronic and chronic toxicity of palm TRF. 
Species  Route Dose of TRF Duration Result Reference 
Male rat Feed 120 mg/kg/d or 0.19% in diet 

(T3-78.6%; α-T-21.4%) 
13 wk No abnormalities Nakamura 

et al. 2001 
Female 
rat 

Feed 130 mg/kg/d or 0.19% in diet 
(T3-78.6%; α-T-21.4%) 

13 wk No abnormalities Nakamura 
et al. 2001 

Male rat Feed 303 mg/kg/d or 0.4% in diet 
(T3-78.7%; α-T-21.3%) 

52 wk No abnormalities Tasaki et 
al. 2008 

Female 
rat 

Feed 472 mg/kg/d or 0.4% in diet 
(T3-78.7%; α-T-21.3%) 

52 wk No abnormalities Tasaki et 
al. 2008 

Rat Feed 0.75% and 3% in diet 
(T3-78.6%; α-T-21.4%) 

13 wk Abnormal pathological 
changes in male liver and 
hematological changes in 
females 

Nakamura 
et al. 2001 

Rat Feed 1-2 % in diet 
(T3-78.7%; α-T-21.3%) 

52 wk Abnormal pathological 
changes in liver 

Tasaki et 
al. 2008 

Chick Feed 1000 mg/d 5 wk No abnormalities Yu et al. 
2006 

Rat Gavage 5000 mg/kg 
(T3-80%; α-T-20%) 

14 d No abnormalities Sheppard et 
al. 1996* 

*All the studies used palm TRF except the study of Sheppard et al. (1996). This study employed TRF 
from rice bran oil. 

 

 

Table 14 summarizes the toxicity studies on palm oil and rice bran oil, which share 

similar TRF composition profiles. This review does not include other oils whose TRF 

compositions are different from that of palm TRF. For example, annatto oil TRF contains 85-

92% δ-T3 and palm TRF has approximately10% δ-T3. 

A subacute toxicity of palm oil extract (containing 80% T3) in young rats and mice 

demonstrated that up to 2500 mg/kg BW was safe (Oo et al. 1992).  Also, repeatedly heated 

refined and crude palm oils showed no mutagenicity (Manorama et al. 1989). All the 

experiments were conducted under GLP. 

In addition, various studies showed no teratogenic effects and genotoxicity of rice bran 

oil. A diet containing 10% rice bran oil, as compared to peanut oil, had no teratogenic effect 
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(Raghuram and Rukmini 1995). Rice bran oil concentrate representing the T3-T preparation up 

to 5000 ug/plate had no mutagenic activity in an Ames test (Polasa and Rukmini 1987). 

 
Table 14. Toxicity studies of palm oil and rice bran oil 
 

Species Route Test material Duration Result Reference 
Rat Oral Palm oil extract, 

2.5 mg/kg BW/d 
30 d No abnormalities Oo et al. 1992 

Rat Feed 5% red palm oil in 
diet 

42 d No abnormalities Watkins et al. 
2001 

S. typhimurium 
TA100 and 
TA98  

W/ & w/o 
metabolic 
activation 

Heated (8-24 h) 
refined and crude 
palm oils 

48 h No mutagenic 
activity 

Manorama et 
al. 1989 

S. typhimurium 
TA100 and 
TA98  

W/ & w/o 
metabolic 
activation 

5000 ug/plate rice 
bran oil concentrate 

48 h No mutagenic 
activity 

Polasa and 
Rukmini 1987 

Rat Feed 10% rice bran oil Over 3 
generations

Normal 
reproductive 
performance and 
no teratogenicity 

Raghuram and 
Rukmini 1995 

 
 
Details 

1) A 13-week sub-chronic toxicity study (Nakamura et al. 2001)  

Nakamura et al. (2001) performed a 13-wk oral toxicity study in 344 5-wk-old Fischer 

rats of both sexes (10 rats/sex/group) at dose levels of 0 (group 1), 0.19 (group 2), 0.75 (group 3) 

and 3% (group 4) of  palm TRF (Eisai Co., Japan) in the diet.  The high dose level of 3% was 

determined based on a pilot study in which 5%, but not 3%, TRF diet was refused by rats. The 

mixture used in this study had the following composition: α-T3 21.4%, β-T3 3.5%, γ-T3 36.5%, 

δ-T3 8.6%, α-T 20.5%, β-T 0.7%, γ-T 1.0% and δ-T 0.5%. The composition of palm TRF used in 

this study was similar to those of MPOB palm TRF: α-T3 20%, β-T3 3.3%, γ-T3 25%, δ-T3 8.3%, 

and α-T 23.3%. Because the chemical used in this study contained T, another group (group 5) 
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was fed a diet containing 0.69% α-T (Tama Biochemistry Co. Ltd), which was identical to the 

concentration of T in the high-dose (3%) group to assess the influence of T itself. 

Suppression of body weight gain was observed in group 4 males. On hematological 

examination, a significant decrease in mean corpuscular volume (MCV) was observed in all 

treated males. Platelets were significantly reduced in group 3 and 4 males. Hemoglobin 

concentration, MCV, and mean corpuscular hemoglobin (MCH) concentration were significantly 

decreased in group 3 and 4 females (0.75-3% TRF in the diet) and hematocrit (Ht) in group 4 

females. Increases in the albumin/globulin ratio (A/G) and alkaline phosphatase (ALP)  in all 

treated males, elevated alanine transaminase in group 4 of both sexes, and increases in 

asparagine transaminase and g-glutamyl transaminase in group 4 females were observed. With 

regard to relative organ weights, liver weights in group 4 of both sexes and adrenal weights in all 

treated males demonstrated an increase, and ovary and uterus weights in group 4 females were 

reduced.  

As a decrease in MCV, an increase in the A/G, elevation of ALP, and increase in adrenal 

weight were observed in all treated males, a NOAEL could not be determined in this 

examination.  Histopathologically, slight hepatocellular hypertrophy in group 3 and 4 males and 

reduction of cytoplasmic vacuolation in the adrenal cortical region in group 4 males (3% TRF in 

the diet) were observed. Because of pathological changes in male liver and hematological 

changes in females, the authors concluded that the NOAEL was 0.19% in the diet (120 mg/kg 

BW/d for male rats and 130 mg/kg BW/d for female rats). 
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2) 52 week chronic toxicity study (Tasaki et al. 2008) 

Tasaki et al. 2008 performed a 52-wk chronic study using Wistar Hannover rats of both 

sexes (10 rats/sex/group) given the compound at doses of 0, 0.08, 0.4, or 2% palm TRF (Eisai 

Co., Ltd.,Tokyo, Japan) in a powdered basal diet. Complete dissociation from T was impossible 

and the mixture used in this study had the following composition: α-T3 21.4%, β-T3 3.5%, γ-T3 

36.5%, δ-T3 8.6%, α-T 20.5%,  β-T 0.7%, γ-T 1.0%, and  δ-T 0.5%. Since 6 animals in the 2% 

male group died of hemorrhage of several organs by week 50, the maximum dose level was 

changed to 1% in both sexes for the last 2 wk. A decrease in body weight gain was observed in 

the 2% males from week 5 and females from week 10, persisting to the end of the study. With 

the high dose, prolongation of prothrombin time (PT) and increase of serum ALT in males, as 

well as an increase of serum ALP in both sexes, were observed. In male and female rats 

receiving 0.4% or less, there were no toxicological changes in any of the criteria examined. At 

necropsy, multiple cyst-like nodules on the liver surface were macroscopically pronounced in 

both sexes receiving 2%. On histopathological examination, hepatocellular nodules were evident 

with distortion of hepatic cords and compression of the surrounding tissue, almost all including 

areas of spongiosis hepatis. The constituent hepatocytes were immunohistochemically stained 

with proliferation cell nuclear antigen at high rates. Nevertheless, they did not exhibit overt 

atypia and the basic lobular architecture remained intact. Additionally, they were consistently 

negative for glutathione S-transferase placental form (GST-P). Quantitative GST-P analysis of 

the liver sections overall showed numbers of GST-P foci in the high dose females to be 

significantly elevated as compared to the control value. Based on the data demonstrating nodular 

liver lesions only at the high dose of both sexes, the authors concluded that the NOAEL was 

0.4% (303 mg/kg BW/d for males and 472 mg/kg BW/d for females). 
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3) 4 week chick study (Yu et al. 2006) 

Diets supplemented with 50 (115 umol/kg diet), 100 (230 umol/kg), 250 (575 umol/kg), 

500 (1150 umol/kg), 1000(2300umol/kg), or 2000 (4600 umol/kg) ppm of palmTRF, α-T, α-T3, 

γ-T3, or δ-T3 were fed to 204 White Leghorn female chickens (divided into 34 groups) weighing 

40-50 g for 4 wk. Supplemental palm TRF produced a dose-response (50-2000 ppm) lowering of 

serum total and LDL cholesterol levels of 22% and 52% (P < 0.05), respectively, compared with 

the control group. Supplemental α-T3 within the 50-500 ppm range produced a dose-response 

lowering of total (17%) and LDL (33%) cholesterol levels. The more potent  γ- and δ-isomers 

yielded dose-response (50-2,000 ppm) reductions of serum total (32%) and LDL (66%) 

cholesterol levels. A lowering of LDL cholesterol was achieved with higher levels of α-T; 2,000 

ppm showed a modest response compared with responses to palm TRF and the individual T3, 

yielding a 6% reduction. HDL-cholesterol levels were minimally impacted by the T3; thus 

HDL/LDL cholesterol ratios were markedly improved (123-150%) by the supplements. Serum 

triglyceride levels were significantly lower in subjects receiving the higher supplements.  

There were no supplement-induced changes in weight gain, weight of organs, or feed 

consumption. The study suggest that a T3 and/or α-T concentration up to 1000-2000 ppm (or 

1000-2000 mg/kg diet) in the diet can show beneficial effects without having side effects. 

 

4) Subacute toxicity studies of palm oil extract in mice and rats (Oo et al. 1992)  

 Palm oil extract (containing 80% T3 and 20% α-T) administered to young Sprague-

Dawley rats (weighing 150-180 g) and albino mice (weighing 15-20 g) at a dose of up to 25,000 

mg/kg BW for 30 d showed no appreciable adverse effects in animals with respect to physical 
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manifestations or behavioral changes (Oo et al. 1992).  In this study, the animals were fed daily 

doses (250, 500, 1000, or 2500 mg/kg) of palm oil extract in refined, bleached and deodorized 

olein for 30 d. Results indicated that treated rodents did not exhibit any physical abnormalities or 

unusual behavior. However, some sluggish motor activity was manifested. Hematology, serum 

biochemistry, and histopathological observations were not made in this study. Interestingly, 

treated mice gained weight significantly whereas treated rats grew normally over the 30 d period. 

The authors concluded that palm oil extract, in extremely high doses, did not appear to produce 

appreciable adverse effects in the animals used.  

Watkins et al. (2001) studied the effect of red palm olein on bone metabolism in growing 

rats. Rat growth was not affected by the dietary lipid treatments after 42 d of feeding (up to 5% 

red palm oil in diet). As compared to the soybean oil group (3.5% in diet), the concentrations of 

saturated fatty acids and monounsaturated fatty acids were higher but polyunsaturated fatty acids 

(PUFA) lower in tibia marrow of rats given the palm oil treatments compared with those given 

soybean oil. The reduction in total n-6 PUFA concentration in bone of rats given palm oil was 

associated with higher bone specific alkaline phosphatase activity and endosteal mineral 

apposition rate and bone formation rate in tibia. No difference was found in ex vivo prostaglandin 

E2 (PGE2) production in femur from rats. The histomorphometric analyses indicated that red 

palm olein might support bone formation and bone modeling in growing rats. Palm oil or palm 

antioxidants may play a role in bone formation. 

 

5) Carcinogenicity  

At high concentration (2% in diet), T3 may be a hepatocarcinogen in female rats (Tasaki 

et al. 2008). However, long-term administration of T3 at a dose of 30 ppm was shown to exert a 
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preventive effect on liver tumor development in the Solt and Farber hepatocarcinogenesis model 

(Rahmat et al. 1993). This study investigated the effects of long-term administration of T3 on 

hepatocarcinogenesis in rats (28 male 7- to 8-wk-old Rattus norwegicus rats, weighing 120 to 

160 g) induced by diethylnitrosamine (DEN) and 2-acetylaminofluorene (AAF). The T3 was 

composed of 80% γ-T3, 20% α- and β-T3 supplied by PORIM, Malaysia. The rats were killed 

after 9 mo and the livers were examined morphologically. Grayish white nodules (2/liver) were 

found in all the DEN/AAF-treated rats (n = 10), but only one of the rats treated with DEN/AAF 

and supplemented with T3 (n = 6) had liver nodules. The authors concluded that T3 

supplementation attenuated the impact of the carcinogenesis in the rats.  

Tocotrienols inhibit the growth of hepatoma cells but not that of hepatocytes from 

healthy rat liver (Sakai et al. 2004). Tocotrienols killed murine liver cancer cells but not normal 

cells (Har and Keong, 2005). Research indicates that T3 has an inhibitory effect on angiogenic 

factor secretion from cancer cells and mediates inhibition of growth factor-induced survival, 

migration, and angiogenesis signals (Miyazawa et al. 2008, 2009). Tocotrienols act on cell 

proliferation in a dose-dependent manner and can induce programmed cell death (Nesaretnam et 

al. 2008). At concentrations of 0.5-5.0 ug/mL, palm TRF dose-dependently protected against 

LPS-induced cell death (Ahn et al. 2007).   

Consistent with observations made in other in vitro systems, T3 inhibits the growth of 

breast cancer cells in vitro and in vivo (Guthrie et al. 1997; Yu et al. 1999; Takahashi and Loo 

2004; Nesaretnam et al. 1998, 2000, 2004; Elangovan 2008) as well as prostate cancer cells 

(Kumar et al. 2006; Srivastava and Gupta, 2006), gastric cancer cells (Sun 2008, 2009), and 

colon cancer cells (Shibata et al. 2008). 
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Tocotrienol is effective in suppressing mevalonate synthesis. By doing so, T3 can deplete 

tumor tissues of two intermediate products, farnesyl pyrophosphate and geranylgeranyl 

Pyrophosphate (Pearce et al. 1994).  

 

6) Genotoxicity 

The mutagenic potential of repeatedly heated (8- 24 h) refined and crude palm oils has 

been examined using the Ames test with Salmonella typhimurium strains TA100 and TA98 with 

and without metabolic activation (rat liver S9 fraction; Manorama et al. 1989). Benzo (a) pyrene 

(5 ug/plate) and sodium azide (1 ug/plate) were used as positive controls for TA 98 and TA 100 

respectively. Dimethylsulfoxide (DMSO)-based extracts of the unheated crude and heated 

refined palm oils did not show mutagenic activity in these tests.  

Oliveira et al. (1994) investigated the genotoxicity of red palm oil on bone marrow cells 

from 8-10 wk old Balb/C female mice. Experimental groups received daily doses of 4.5 g/kg 

supernatant and sediment of red palm oil (no information on TRF content). Corn oil served as the 

negative control and cyclophosphamide (20 mg/kg intraperitoneally) was used as the positive 

control. There were no differences in the frequency of chromosomal aberrations between the two 

groups of mice.  

 

7) Related studies  

a) Subacute toxicity study on the TRF from rice bran oil in rats  

Exposure of rats up to 0.5% TRF in diet (rice bran oil source, representing the T3 and T 

preparation) by gavage resulted in no deaths and no abnormal clinical observations 

during the 14 d observation period (Sheppard et al. 1996). 
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b) The mutagenicity of rice bran oil concentrate.   

A dimethylsulfoxide (DMSO)-based extract of rice bran oil (up to 5000 ug per plate) was 

reported to reveal no mutagenic activity in an Ames test using Salmonella typhimurium 

strains TA98 and TA100 with and without metabolic activation (Polasa and Rukmini 

1987). Also snack foods fried in rice bran oil did not have any mutagenic effects in the 

bacterial screening system (Polasa et al. 1987; Raghuram and Rukmini 1995). 

c) Reproductive and developmental toxicity  

A review of Raghuram and Rukmini (1995) documented normal reproductive 

performance and lack of teratogenicity of rice bran oil in albino rats of NIN Wistar strain 

(15 males and 15 females in a three generation study). A diet containing 10% rice bran 

oil, as compared to peanut oil containing relatively lower amounts of T3, did not result in 

differences in conception, birth weights, litter size, weaning weights, and pre-weaning 

mortality, and had no teratogenic effect. There were no differences in body weight, feed 

efficiency ratio, and nitrogen, phosphorus, and calcium balances in the animals over three 

generations. 

 

3. Safety/Toxicity of T3 and/or Palm TRF - Clinical studies  

A number of clinical trials have been conducted with T3 and T and few side effects have 

been reported (EFSA 2008). Palm oil is a rich source of T3 that has been a traditional staple food 

in several Asian countries and also in some African countries. Table 15 summarizes human 

clinical studies on palm TRFs which had primary endpoints of DNA damage, blood lipid profiles, 

oxidative stress, and/or bioavailability. As shown in Table 15, daily consumption of up to 330-

360 mg palm TRF was not associated with any adverse effects in healthy persons as well as in 
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subjects with hypercholesterolemia or non-insulin-dependent diabetes mellitus (NIDDM). In 

these studies, the percentages of T3 in palm TRF varied from 70% to 100%, and the proportion 

of α-T ranged from 0 to 30%.  

 

Table 15. Human clinical studies reporting no adverse effects of palm TRF 
Number and status of 
subjects 

Dose of TRF  Ratio of T3: α-T Duration Reference 

22 healthy 60 mg/d 70:30 6 mo. Tan et al. 1991 
36 healthy 80-320 mg/d Mixed (15% δ-) 8 wk Rasool et al. 2006 
64 healthy  160 mg/d 74:26 6 mo Chin et al. 2008 
52 healthy 250 mg/d Individual doses 

of α-, γ- or δ- 
tocotrienyl acetate 
(81%) 

8 wk O’Byrne et al. 2003* 

8 healthy males 300 mg 84.1:2.3 Single 
dose 

Yap et al. 2001 

25 hypercholesterolemic 200 mg/d 70:30 6 wk Qureshi et al. 1991 
25 hypercholesterolemic 200 mg γ-T3/d γ-T3 only 4 wk Qureshi et al. 1991 
36 hypercholesterolemic 260 mg/d 85:15 4 wk Qureshi et al. 1995 
36 hypercholesterolemic 200 mg γ-T3 γ-T3 only 4 wk         Qureshi et al. 1995 
44 hypercholesterolemic 240 mg/d 70:30 20 wk Walqvist et al. 1992 
41 mildly 
hypercholesterolemic 

240 mg/d 2:1 4 wk Mensink et al. 1999 

28 mildly 
hypercholesterolemic 

73 mg/d, every 
other day 

50:22.9 4 wk Ajuluchukwu et al. 
2007 

50 carotid 
atherosclerosis 

330 mg/d 72.7:27.3 18 mo Tomeo et al. 1995 

50 carotid 
atherosclerosis 

56 mg/d 40:16 2-3 yr Kooyenga et al. 
1997, 2001 

32 NIDDM 360 mg/d 80:20 60 d Wan Nazaimoon et 
al. 1996 

*Individual doses of tocotrienyl acetate  

 
In addition, studies on rice bran TRF did not report any adverse effects (Qureshi et al. 

1997, 2001, 2002; Kooyenga et al. 2001; Baliarshingh et al. 2005; Rubin et al. 2008). 
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Table 16. Human clinical studies reporting no adverse effects of rice bran TRF 

Number and status of 
subjects 

Dose of T3  Ratio of T3: α-T Duration Reference 

28 hypercholesterolemic 3 mg/day T3; 
0.04 mg/kg 
BW/day; 

T3: α-T: δ-T= 
86.9:8.7: 4.4 

35-70 d Qureshi et al. 2001 

36 hypercholesterolemic 0.33mg/kg 
BW/d from a 
processed rice 
bran oil  

25 mg α-T, 42 
mg γ-T, 20 mg δ-
T  

4 wk Qureshi et al. 1997 

90 hypercholesterolemic 25, 50, 100, and 
200 mg/d 

T3: α-T: δ-T= 
86.9:8.7: 4.4 

5 wk Qureshi et al. 2002 

25 carotid atherosclerosis 112 mg/d T3:α-T=52:60 3 yr Kooyenga et al. 
2001 

19 NIDDM 3mg/kg BW/d T3:α-T=92.5: 7.5 60 d Baliarshingh et al. 
2005 

23 familial dysautonomia 100 mg/d NA 3–4 mo Rubin et al. 2008 

 

Details 

1) DNA damage study—at 160 mg/d for 6 mo 
 
Chin et al. (2008) evaluated the effect of T3 on DNA damage. In this study, a daily dose 

of 160 mg of commercially available palm TRF (a mixture of α -, β-, γ-, and δ-T3 and α-T) was 

given for 6 mo to 64 healthy subjects aged 37-78 yr.  The total T3 isomer ratio compared with T 

is approximately 74:26.  No adverse effects were reported. Instead, results showed a significant 

reduction in DNA damage as measured by the comet assay after 3 mo (P < 0.01) and remained 

low at 6 mo (P < 0.01).  

2) Lipid profile studies- 140-360 mg/d for up to 36 mo. 

In general, the palm TRF lowered blood cholesterol concentrations without showing any 

adverse effects in healthy volunteers and subjects with hypercholesterolemia or NIDDM. For 

example, administration of 60 mg palm TRF in 22 healthy Malaysian subjects (with no age 

limitation) for 30 d lowered both serum total cholesterol (TC) and low-density-lipoprotein 
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cholesterol (LDL-C) concentrations. The magnitude of reduction of serum TC ranged from 5 to 

35.9% whereas the reduction of LDL-C values ranged from 0.9 to 37.0% when compared with 

their respective starting values. No adverse effects were reported (Tan et al. 1991). 

Rasool et al. (2006) assessed the effects of TRF supplementation (up to 320 mg/d of TRF 

composed of 34.6% α-T3, 24.6% γ-T3, 15% δ-T3, and 26.2% α-T: Golden Hope Plantations, 

Malaysia) for 2 mo on blood lipid profiles and arterial compliance in 36 healthy Malaysian men. 

The authors stated that the palm TRF supplements at doses up to 320 mg/d were well-tolerated 

with no serious adverse events.  

The palm TRF was tested in 16-25 hypercholesterolemic Malaysian subjects aged 30-60 

yr at a dose of 200 -300 mg/d over a 4-8 wk period (Qureshi et al. 1991, 1995). Significant 

reductions in serum total cholesterol, LDL cholesterol, apolipoprotein B, thromboxane B2, and 

platelet factor were observed. No adverse effects were reported.  

In a study with 44 Australian subjects with hypercholesterolemia (aged 25-75 yr; 

Wahlqvist et al. 1992), administration of palm oil for 20 wk (up to 240 mg T3/d) did not show 

any changes in serum lipid profiles and plasma prostaglandins and platelet functions. No adverse 

effects were reported. 

Mensink et al. (1999) reported that the TRF supplements (240 mg palm TRF/d for 4 wk)  

used had no adverse effects in 41 Netherlands men with slightly elevated lipid concentrations 

(aged 21-61 yr).  Also, the study of Wan Nazaimoon et al. (1996) showed that administration of 

360 mg palm TRF/d  (a mixture of 288 mg T3 and 72 mg α-T) for 60 d did not cause adverse 

changes in 32 Malaysian subjects with NIDDM (aged 31-70 yr).  

Ajuluchukwu et al. (2007) studied the effect of palm oil TRF on the serum lipid profiles 

of 28 individuals aged 18-80 yr with mild hypercholesterolemia and another cardiovascular risk 
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factor.  Subjects were randomly assigned to consume tocotrienols as TOCOVIDTM SuprabioTM 

capsules (consisting of 15.38 mg α-T3, 28.20 mg γ-T3, 6.42 mg δ-T3 and 22.90 mg α-T) or 500 

mg or 1000 mg vitamin E (α-T) capsules per day or every other day (n=16) for 4 weeks. 

Compared to the T supplement, the T3 supplement significantly decreased total cholesterol and 

LDL-cholesterol, but not HDL-cholesterol or triglyceride concentrations. No information about 

adverse effects was reported. 

Kooyenga et al. (1997, 2001) investigated the effect of supplementation with an extract 

from palm oil (52 mg of T3, 60 mg of α-T) for 2-3 yr on carotid atherosclerosis. The authors 

stated that there were no reports of headache, intestinal upset, muscle weakness, or persistent 

liver weakness abnormalities in the 50 Malaysian subjects studied.   

In another placebo controlled study, α-, γ-, and δ−T3 acetates were administered individually 

to 52 American healthy subjects at a daily dose of 250 mg for 8 wk (O’Byrne et al. 2000). No 

adverse effects of T3 ester ingestion were observed in this study. 

As shown in Table 16, several studies reported no adverse effects with the 

supplementation of TRF or a processed oil extracted from rice bran oil. Qureshi et al. (1997) 

performed a randomized double blind placebo controlled trial in which 41 hypercholesterolemic 

Malaysian subjects were first placed on the low fat diet for 4 wk and then given 200 mg/d of TRF 

from rice bran oil or corn oil as placebo. No adverse effects due to T3 ingestion were observed. 

Qureshi et al. (2001) investigated the efficacy of TRF of rice bran alone and in 

combination with the cholesterol lowering drug, lovastatin.  The TRF consisted of 8.7% α-T, 

4.4% δ-T, and 86.9% T3. The combination of TRF and lovastatin significantly reduced lipid 

metabolites by 20 - 25% (P < 0.001) in these subjects. The authors stated that subjects reported 

no side effects during the 25-wk study.   
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Qureshi et al. (2002) investigated the effect of 4 doses (25, 50, 100, and 200 mg/d) of a 

TRF (8.7 % α-T, 15.5 % α-T3, 1.6% β-T3, 39.4 % γ-T3, 5.2 % δ-T3, and 4.4 % δ-T, 20.9% D-

desmethyl (D-P21-T3), plus D-didesmethyl (D-P25-T3) T3, 4.3 % unidentified tocotrienols) 

extracted and purified from rice bran oil on the suppression of serum cholesterol in Malaysian 

adults. No information on adverse effects was reported in the study. 

Baliarsingh et al. (2005) reported the therapeutic impacts of palm TRF (3 mg palm 

TRF/kg BW/d, 60 d) on serum lipoprotein lipid levels in 19 Indian subjects with NIDDM. The 

composition of tocols in palm TRF was 7.5% α-T, 14.6% α-T3, 2.2% β–T3, 38.8%  γ-T3, 4.6% 

γ-T, and 29.9% δ-T3. No adverse effects were reported. 

Kooyenga et al. (2001) investigated the effect of supplementation with an extract from 

rice bran for 1 yr on carotid atherosclerosis. Each rice bran oil capsule (produced by Rangsit 

Biotech, Bangkok) provided 52 mg of T3 and 60 mg of α-T. The authors stated that there were 

no reports of headache, intestinal upset, muscle weakness, or persistent liver weakness 

abnormalities in the 50 Malaysian subjects studied.   

 

3) Oxidative stress and biomarker test- 240 mg/d T3 and 90 mg/d α-T for 18 mo 

In a randomized, placebo-controlled study, 50 subjects (aged 49-83 yr) with carotid 

atherosclerosis received palm TRF (240 mg T3 and 90 mg T/d) or placebo in addition to standard 

medical therapy over 18 mo (Tomeo et al. 1995). Serum measures of oxidative stress (TBARS) 

showed a significant decrease with no appreciable change in serum lipids or other biochemical 

markers. Both T3 and placebo groups displayed attenuated collagen-induced platelet aggregation 

responses (P < 0.05) as compared with entry values. Serum total cholesterol, low density 
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lipoprotein cholesterol, and triglyceride values remained unchanged in both groups, as did the 

plasma high density lipoprotein cholesterol values. No adverse effects were reported. 

  

4) Bioavailability study - 300 mg, a single dose 

In a study reported by Yap et al. (2001), healthy volunteers were administered a single 

oral dose of 300 mg TRF (841 mg T3 and 23.3 mg α-T, Tocovid, Hovid Pte.Ltd, Malaysia) 

under fed or fasted conditions to study their bioavailability. No adverse effects were reported. 

 

4. Safety of vitamin E  

Three international expert groups have recently evaluated the safety of vitamin E: the 

Antioxidant Panel of the Food and Nutrition Board at the IOM of the U.S. National Academy of 

Sciences (IOM 2000), the EU Scientific Committee on Food (SCF 2003), and the UK Expert group 

on Vitamins and Minerals (EVM 2003). The IOM set the tolerable upper intake level (UL) for adults 

at 1000 mg/d of any supplemental form of α-T (IOM 2000). Unlike the IOM’s recommendations that 

are based on α-T only, two European expert groups set the ULs of vitamin E based on TEV. The 

SCF, based on a placebo controlled, dose-response supplementation study in 88 healthy humans 

(Meydani et al.1998), set the NOAEL at 540 mg TEV, the highest dose used in the study. 

Considering an uncertainty factor of 2 to cover for inter-individual differences in sensitivity, the SCF 

established an UL of 270 mg TEV for adults, which was rounded to 300 mg TEV (SCF 2003). The 

EVM established a NOAEL of 540-970 mg TEV, based on three placebo controlled human studies 

(Gillilan et al. 1977, Meydani et al. 1998, Stephens et al. 1996, EVM 2003). An uncertainty factor to 

account for inter-individual differences was not considered since the results of the larger trial by 

Stephens et al. (1996) support a NOAEL of 540 mg TEV, so that the UL (defined by the EVM as a 

58 
 

000068



TRF GRAS notification 

safe UL for consumption over a lifetime) was established as 540 mg TEV for supplemental vitamin E 

(EVM 2003). 

Most of the safety studies on vitamin E were carried out in the past few decades.  Table 

17 summarizes subacute and subchronic toxicity studies that have been carried out in animals 

(Demole 1939; Weissberger and Harris 1943; Levander et al. 1973; Dysma and Park 1975; 

Krasavage and Terhaar 1977; Abdo et al. 1986; Diplock 1995). There is no evidence that there is 

any detrimental effect attributable to vitamin E up to 500 mg/kg diet.  

 
Table 17. Studies on subacute and subchronic toxicity of vitamin E. 
Species Route Dose Duration Result Reference 
Rat Oral 130 mg/kg/d 2 mo No abnormalities Demole 1939 
Rat Oral 100 mg/d 4 mo Small increase in 

phosphorus 
turnover in the 
femur. Otherwise,  
no abnormalities 

Weissberger and Harris 
1943 

Rat Oral 10 mg/d 4 mo No abnormalities Weissberger and Harris 
1943 

Rat Feed 500 mg/kg diet 1 mo Small effect on 
liver TG 

Levander et al.  1973. 

Rat Feed 875 and 1750 
mg/kg 

3 mo No abnormalities Dysma and Park  1975 

Rat Feed 0.0002 and 0.2% in 
diet 

3 mo No abnormalities Krasavage and Terhaar 
1977 

Rat Gavage 125-500 mg/kg 
2000 mg/kg 

3 mo 
3 mo 

No abnormalities 
Extended 
prothrombin time 

Abdo et al.  1986 

Adopted from Diplock 1995 

 

Table 18 shows that there is no adverse effect of vitamin E (up to 2% in diet) with respect 

to the teratogenicity and reproductive toxicity (Hook et al. 1974; Krasavage and Terhaar 1977; 

Diplock 1995).  
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Table18. Studies on teratogenesis and reproductive toxicity of vitamin E. 
 

Species Route Dose Duration Result Reference 
Rat Feed 0.00, 0.2, 

and 2.0% 
Days 6-16 of pregnancy No difference between 

treatment and placebo 
groups 

Krasavage 
and Terhaar 
1997 

Rat Feed 0.002, 0.2, 
and 2.0% 

F1 generation: mated on 
days 112 and 175 of 
dosage: F0 generation:  
268 d 

No effects on 
reproductive toxicity, 
teratogenicity, clinical 
and hematologic indexes  

Krasavage 
and Terhaar 
1997 

Mouse Gavage 591 
IU/mouse 

Days 7-11 of pregnancy One malformation in 91 
mice 

Hook et al. 
1974  

Adopted from Diplock 1995 

 

As shown in Table 19, vitamin E has no carcinogenic activity (up to 0.2% in diet for 24 

mo; Weldon et al. 1983; Yang and Desai 1977; Diplock 1995). Table 20 shows that α-T intake of 

up to 600 mg/d for 12 wk did not show adverse effects as evaluated by clinical chemical indices, 

liver, kidney and thyroid functions, serum lipids, PT time, and urinary indices (Farrell and Bieri 

1975; Corrigan et al. 1982; Stampfer et al. 1983; Kitagawa et al. 1989; Diplock 1995). These 

data support the IOM’s assessment that up to a vitamin E (as α-T) intake of 1000 mg/d is safe for 

human consumption. 

 
Table19. Studies on chronic toxicity and carcinogenicity of vitamin E 

Species Route Dose Duration Result Reference 
Rat Feed 500, 1000, 

and 2000 
mg/kg/d- 

24 mo No significant effects on a range of 
clinical chemical indexes; slight 
increase in liver weight and in liver 
enzymes in serum; hemorrhage (anti-
vitamin K effect) at 2000 mg/kg/d; 
decrease in mammary tumors 

Weldon et 
al.  1983 

Rat Feed 25, 250, 
2500, 
10,000, 
and 
25,000 
IU/kg 

8-16 mo No abnormalities at low doses; 
increase in serum alkaline phosphatase 
and relative heart and spleen weight at 
high doses (>10,000 IU/kg); no change 
in prothrombin time; no 
carcinogenicity 

Yang and 
Desai  1977 

Adopted from Diplock 1995 
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Table 20. Human clinical studies of vitamin E. 
Subjects Dose Duration Result Reference 
Adults, n = 
28  

100-800 
IU/day: T 

4 mo to 21 yr 
(mean 2.9 yr) 

No evidence of toxicity judged by 
clinical chemical blood indexes (blood 
coagulation, liver enzymes, and thyroid 
hormones) 

Farrell and 
Bieri 1975 

Volunteers,  
n = 30 (20)  

800 IU/d 
vitamin E 

16 wk No differences between groups Stampfer et 
al. 1983 

Volunteers, 
n = 19  

600 mg/d α-
T 

12 wk No adverse effects (clinical chemical 
indices, liver, kidney, and thyroid 
function, serum lipids, and prothrombin 
time, and urinary indices all normal) 

Kitagawa and 
Mino 1989 

Adopted from Diplock 1995 
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IV. Conclusions 

 The information/data provided by NutraSource/MPOB in this report and supplemented 

by the publicly available literature/toxicity data on T3 and T provide a sufficient basis for an 

assessment of the safety of T3 for the proposed use as an ingredient in food, when prepared 

according to appropriate specifications and used according to GMP.   Key findings are 

summarized here: 

1. T3 and T are well characterized and of consistent quality across lots and free from 

chemical and microbial contamination.  

2. T3 and T have a long history of use in foods and beverages in the U.S.   

3. T3 and T extraction processes have been safely used for many yrs in the dietary 

supplement industry.   

4. The safety and nutritional benefits of T3 and T are well established by human clinical 

trials and animal studies of T3.  There are no indications of significant adverse effects 

related to T3 consumption in the publicly available literature at the proposed use levels. 

5. Increased consumption of vitamin E has been recommended by the USDA Dietary 

Guidelines Committee and IOM.  

6. Intended use of T3 as part of the proposed food use results in levels of exposure 

significantly below those associated with any adverse effects and provides a reasonable 

certainty of safety.   

Therefore, not only is the proposed use of TRF safe within the terms of the Federal Food, 

Drug, and Cosmetic Act (meeting the standard of reasonable certainty of no harm), but because 

of this consensus among experts, it is also Generally Recognized as Safe (GRAS).   
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V. Discussion of Information Inconsistent with GRAS Determination 

We are not aware of information that would be inconsistent with a finding that the 

proposed use of T3 preparations in foods and beverages, meeting appropriate specifications and 

used according to GMP, is GRAS.   
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d-Gamma Tocotrienol, % 12.0 - 14.0 12 0 
d-Beta Tocotrienol, % 1 .O Min 1.3 
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6 Phytosterols Content, % In House Method - CTM-0018102 1 .OO Min 5 93 
7 *Mixed Carotene, % In House Method - CTM-0013102 0.03 Min 0.19 

9 'Heavy Metals, ppm AOCS 5Ih Edition Ca 15-75 10.0 Max c 10.0 
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Manufacturing Date
Best Before Date
Batch No.
Country Of Origin

Analysis

"Physical Appearance

TocolrienolfTocopherol Complex, %

d-Gamma Tocotrienol, %

d-Beta Tocotrienol, %

d-De/ta Toeotrienol, %

d-Alpha Tocotrienol, %

d-Alpha Tocopherol, %

MOlslure 0NT. %) (Karl Fisher)

"Peroxide Value, meq/kg

Plant Squalene, %

Phytosterols Content, %

"Mixed Carotene, %
"Lead (Pb), ppm

"Heavy Metals, ppm

""Total Viable Aerobic Count

""Total Combined Molds & Yeast Count

Doc/ GRAS /2
: CT 307000 1/1
: 2tli"August 2008
: 6th September 2008
: 2th August 2008
: 26th August 2011
: B7000 1 270808
: MalaySla-

Test Method

In House Method - CTM_0011/04

AOCS 5th Edition Ca 2e-84

AOCS 5th Edition Cd 8-53

In House Method - CTM_0017/00

In House Method - CTM_0018/02

In House Method - CTM_0013/02

AOCS 5th Edition Ca 15-75

AOCS 5th Edition Ca 15-75

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/Aooendix XVI B

Specification

30.0 Min

12.0-14.0

1:0 Min

3.3 - 5.0

6.5-9.0

6.0-9.0

1.00 Max

10.0 Max

400 Min

1.00 Min

0.03 Min

3.0 Max

10.0 Max

1000 cfu/g Max

100 cfu/a Max

Test Results

30.5

12.0

1.4

3.6

7.0

6.5

0.07

1.6

9.62

593

0.19

< 3.0

< 10.0

<10

<10

ReI11M~\

I .\/1 ,ample, Ie, ted a, per reecl\'co
re'l, l11ar~ed \\ Ith' III 11m report JrC nOI 'i '\M\1 accrethtcd
re,1I l11ar~cd \lIlh·· 111 tillS report arc V\\oI\.1 aeeredned dnd approved h) 'i,\MM ":pulor, Ill[ llllcrohlOlogy ,cellon

Page I 01'1

I hn ('el'll/".ufe u! .111t1h \I~ 1.\ /luI ,-uJTslrlli!d (H {J lI'(JJ'rUJ11r ('lI~fomer n rl!.spol1jlhle 10 CUff) Olll therr 011 11 WUl~)'ses nect!~!J(Jrv to Jetermme the
""I"h,lll.! of Ihl! prrx/lIL! dl!""he" ahow jar Ihe /I1ll!/ld1'd /I.II! h.! Ihe (/Islomer II IS lile ClIslomer '.I r('sponslhilllY 10 verify Ihe halch /111mher ojlhl!
1)1 udud J t..'cl.'lved II fth the numbers con/mnt,d on i/us I epvrl
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TESTING 
SAMM NO. 364 

CERTIFICATE OF ANALYSIS 

TOCOMIN~ 30% (NON-GMO) 

IVA TURA L FULL SPECTRUM TOCOTRIENOUTOCOPHEROL COMPLEX 30% OIL SUSPENSION 

Our Reference 
COA No. 
Sampling Date 
Released Date 
Manufacturing Date 
Best Before Date 
Batch No. 
Country Of Origin 

: DocIGRAS/3 
. CT 306517-1/3 
: 2"dSeptember 2008 
: loth September 2008 
: 2"d September 2008 
: 1'' September 201 1 
:B6517-1-020908 
' Malaysia 

- 
Analvsis Test Method Specification Test Results 

1 
2 

3 
4 
5 
6 
7 
8 
9 
10 

*Physical Appearance 
TocotrienoI/locopherol Complex, YO 

d-Gamma Tocotrienol, % 
d-Beta Tocofrienol, % 
d-Delta Tocotrienol, % 
d-Alpha Tocotrienol, % 
d-Alpha Tocopherol, % 

Moisture (WT, %) (Karl Fisher) 
*Peroxide Value, meq/kg 
Plant Squalene, % 
Phytosterols Content, % 
'Mixed Carotene, % 
"Lead (Pb). ppm 
*Heavy Metals, pprn 
"Total Viable Aerobic Count 

In House Method - CTM-0011/04 

AOCS 5Ih Edition Ca 2e-84 
AOCS 5'h Edition Cd 8-53 
In House Method - CTM-0017100 
In House Method - CTM-0018/02 
In House Method - CTM-0013102 
AOCS 5Ih Edition Ca 15-75 
AOCS 5Ih Edition Ca 15-75 
BP 2005Nolume IWAppendix XVI B 

Reddish Oil Suspension 
30.0 Min 31.7 
12.0 - 14.0 12.0 
1 0 Min 1.4 
3.3 - 5.0 4.3 
6.5 - 9.0 7.4 
6.0 - 9.0 6.6 
1 .OO Max 0.07 
10.0 Max 1.5 
4 00 Min 6.5 
1 .OO Min 3.9 
0 03 Min 0.09 
3.0 Max 3.0 
10.0 Max < 10.0 
1000 du/g Max < 10 

~lf~~~~~~
.f('('~EDIT£O LAIO""~O"~

MS ISO/lEe 17025
TESTING

SAMM NO. 364

Carotech

CERTIFICATE OF ANALYSIS

:
NATURAL FULL SPECTRUM TOCOTRIENOUTOCOPHEROL COMPLEX 30% OIL SUSPENSION

I TOCOMINJ!: 30%
I

(NON-GMO) ~
'~''''''''

(:..J)I..:")
, " .... J
~:v
MS 1500;2004

Reddish Oil Suspension1

2

3
4

5
6

7

8
9

10

11

Our Reference
COA No.
Sampling Date
Released Date
Manufacturing Date
Best Before Date
Batch No.
Country Of Origin

Analysis

"Physical Appearance

TocotrienolfTocopherol Complex, %

d-Gamma Tocotrienol, %

d-Beta Tocotrienol, %

d-Oelta Tocotrienol, %

d-Alpha Tocotrienol, %

d-Alpha Tocopherol, %
Moisture 0f'IT, %) (Karl Fisher)

"PerOXide Value, meq/kg

Plant Squalene, %
Phytosterols Content, %

"Mixed Carotene, %

"Lead (Pb), ppm

"Heavy Metals, ppm

""Total Viable Aerobic Count

""Total Combined Molds & Yeast Count

: Doc/ GRAS /3
. CT 306517 1/3
: 2nd-September 2008
: 10th September 2008
: 2nd September 2008
: 151 September 2011
: 86517_1_020908
. Malaysia

Test Method

In House Method - CTM_0011/04

Aoes 51h Edition Ca 2e-84

AOCS 5th Edition Cd 8-53

In House Method - CTM_0017/00

In House Method - CTM_0018/02

In House Method - CTM_0013/02

AOCS 5th Edition Ca 15-75

AOCS 51h Edition Ca 15-75

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/ADDendix XVI B

Specification

30.0 Min

12.0 - 14.0

10 Min

3.3 - 5.0

6.5- 9.0

6.0-9.0

1.00 Max

10.0 Max

400 Min

1.00 Min

003 Min

3.0 Max

10.0 Max

1000 cfu/g Max

100 cfu/o Max

Test Results

31.7

12.0

1.4

4.3

7.4

6.6

0.07

1.5

6.5

3.9

0.09

< 3.0

< 10.0

<10

<10

Certified By ~,

Remark,
J All samples tested as per rcccl\cd
2 rCSh markcd \I Ith • In thl' repl)rt are not "iAMM accredited

Ie>h lII,lrked ",th •• 111 tim report are S..\MM accredited and ,Ipproved b~ SA:VIM slgrntory fllr mlcrnblt1logy ,eetlon

Page I of I

Ihn ('t!J'fl/icLlfe of lna/}sn n IlOl (ol/Hrlled a.\ U )l'WIlJ11I)' llotnmer lJ rcsjJol1.\Jhle!o carry out/hell' Olln anal)',!)t'J 11t![e\Wf> 10

,j,'!t'lmu/I! the .~/li,uIJlllly uf/he P/OdULf dl!.\cnhed ahm't! lor (112 1I1(l!luied u\e hJ Ihe cU~/umer I( 1\ tlte (lI.'l!omer'3 responsibIlity (0

\ enh' (hI.! hult.h IlUll/rer of Ih(' product rece/\'ed 1t {111 Ihe Ilumhers [untall1ed on (his report
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MS ISOllEC 17025 
TESTING 

SAMM NO. 364 

~~ 

TOCOMIN~ 50% (NON-GMO) 

NATURAL FULL SPECTRUM TOCOTRIENOL/TOCOPHEROL COMPLEX 50% OIL SUSPENSION 

Our Reference 
COA No. 
Sampling Date 
Released Date 
Manufacturing Date 
Best Before Date 
Batch No. 
Country Of Origin 

: D o c / G R A S / l  
: CT 507073-1/2 
: 24tFApril 2009 
: 30" April 2009 
: 24th April 2009 
: 23'cl April 2012 
: 87073-1-230409 
: Malaysia 

Analvsis Test Method SDecification Test Results 
1 'Physical Appearance Reddish Oil Suspension 
2 TocotrienolTTocopheroI Complex, % In House Method - CTM-0001105 50.0 Min 51.1 

d-Gamma Tocotrienol, % 20.0 - 24.0 20.0 
d-Beta Tocotrienol, % 1.5 Min 2.3 
d-Delta Tocotrienol, % 5.5 - 7.0 5.7 
d-Alpha Tocotrienol, % 1 1 .O -14.0 12.G 
&Alpha Tocopherol, % 10.0 -14.0 10.5 

3 Moisture (Wr, %) (Karl Fisher) AOCS 5" Edition Ca 2e-84 1 .OO Max 0.07 
4 *Peroxide Value, meqkg AOCS 5" Edition Cd 8-53 10.0 Max 1.4 
5 Plant Squalene, % In House Method - CTM-0007104 8.00 Min 8.02 
6 Phytosterols Content, % In House Method - CTM-0008104 3.00 Min 4.14 
7 'Mixed Carotene, % In House Method - CTM-0003104 0.05 Min 0.09 
8 'Lead (Pb). ppm AOCS ijth Edition Ca 15-75 3.0 Max < 3 0  
9 *Heavy Metals, ppm AOCS 5'h Edition C a  15-75 10.0 Max < 10.0 
10 "Total Viable Aerobic Count BP 2005Nolume IV/Appendix XVI B 1000 cfu1g Max < 10 
1 1  "Total Combined Molds 8 Yeast Count BP 2005Nolume IV1Appendix XVI B 100 du/g Max < 10 

- _ _  ,. 
Certified By ,_ ,4'. . ':..\-':$ 

/ : I , _  
1- 3 

Senior Quality Control Chemist 
Issued Date : 161h June 2009 

This certvcate shall not be written approval of  the Quality Control Department 

Remarks: 
I 
2 
3 

All samples testcd as per received. 
'l'eata marked with * in this report are not SAMM accredited. 
Tests marked with * *  in this report are SAMM accrcditcd and approved by SAMM signatory for microbiology section 

Page 1 of I 
This Certrficute of Analysis is not construed us a ivurruniy Cu.\tomer i s  responsihle to carry out their own unubses necessary :o 
determine the suitability OJ the product described obove for the intended use by the customer It is the customer's responsibility to veri& 
the botch numher ofthe product recewed with the number.$ contained on this report 

~;~\
4CC~fOITfO'lABO""~O(\

MS ISOllEe 17025
TESTING

SAMM NO. 364

Carotech

TOCOMIN@ 50%

; ';.r

cUUPlCAl1ro,"ANALYSIS' ,
, .; .' .. . ::~;

(NON-GMO) -IQ
KOSHER

~~
~I
~I
MS 1500 2004

NATURAL FULL SPECTRUM TOCOTRIENOUTOCOPHEROL COMPLEX 50% OIL SUSPENSION

Reddish Oil Suspension1
2

3
4

5
6

7

8

9
10

11

Our Reference
COANo.
Sampling Date
Released Date
Manufacturing Date
Best Before Date
Batch No.
Country Of Origin

Analysis

*Physical Appearance

TocotrienollTocopherol Complex, %
d-Gamma Tocotrienol, %
d-Beta Tocotrienol. %
d-Delta Tocotrienol, %

d-Alpha Tocotrieno/, %

d-Alpha Tocopherol, %
Moisture 0NT, %) (Karl Fisher)

*Peroxide Value, meqlkg

Plant Squalene, %

Phytosterols Content, %

*Mixed Carotene, %

*Lead (Pb), ppm

*Heavy Metals, ppm

**Total Viable Aerobic Count

**Total Combined Molds & Yeast Count

: Doc 1GRAS 11
: CT 507073 1/2
: 24t

li"April 2009
: 30th April 2009
: 24th April 2009
: 23rd April 2012
: B7073_1_230409
: Malaysia

Test Method

In House Method - CTM_OOO1l05

AOCS 5th Edition Ca 2e-84

AOCS 5th Edition Cd 8-53

In House Method - CTM_0007/04

In House Method - CTM_0008/04

In House Method - CTM_0003/04

AOCS 5th Edition Ca 15-75

AOCS 5th Edition Ca 15-75

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/Aooendix XVI B

Specification

50.0 Min

20.0-24.0

1.5 Min

5.5-7.0

11.0 -14.0

10.0 -14.0

1.00 Max

10.0 Max

8.00 Min

3.00 Min

0.05 Min

3.0 Max

10.0 Max

1000 cfu/g Max

100 cfu/a Max

Test Results

51.1

20.0

2.3

5.7

12.6

10.5

0.07

1.4

8.02

4.14

0,09

<30

< 10.0

< 10

< 10

Certified By .- J-:'.' :':,>:,

...................'.~~ : {L~~/ ~.~~.;; ~': <,,~.~~~\
Ms. Chung Yoke Tymg \i ,.: \ n-.-- ,"'~'r'J -, 1,;::2;"
Senior Quality Control Chemist \0\L.I'_ '--' .1, '>_;fh

I Issued Date: 16th June 2009 ~,(jt~ /,(-').11. ~O ~- ,

This certificate shall not be reproduc;~'!'i--:full. without written approval olthe Quality Control Department

Remarks:
I All samples testcd as per received.
2 Te,t> marked" Ith • In this report are not SAMM accredIted.
3 Te~t~ marked With •• In thIS report are SAMM accrcditcd and approved by SAMM ,Ignatury for mIcrobIOlogy sectIOn

Page I of I

ThiS Certificate of AnalYSIS IS not constn/ed as a warranty lu.ltomer 1.1 responsIhie to carry out their o\l'n analyses necessary 10

determme the SUl/ahIlIty oj the product descrlhed ahove for the mtended use hy the customer It IS the customer's responslbIll/y to verdv
the hatch numher ofthe product receIVed \l'l/h the numbers contarned on thiS report
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TESTING 
SAMM NO. 364 

TOCOMIN~ 50% (NON-GMO) 

NATURAL FULL SPECTRUM TOCOTRIENOL/TOCOPHEROL COMPLEX 50% OIL SUSPENSION 

Our Reference 
COA No. 
Sampling Date 
Released Date 
Manufacturing Date 
Best Before Date 
Batch No. 
Country Of Origin 

Doc I GRAS I 2 
C T  507062-1 16 
13IRJanuary 2009 
22"d January 2009 
1 31h January 2009 
12th January 2012 
B7062~1~130109 
Malaysia 

Analvsis Test Method Specification Test Results 
1 *Physical Appearance Reddish Oil Suspension 
2 Tocotrienolflocopherol Complex, % In House Method - CTM-0001105 50.0 Min 51.7 

d-Gamma Tocottienol, % 20.0 - 24.0 20.0 
d-Beta Tocotrienol, % I .5 Min 2.1 
d-Delta Tocotrienol, % 5.5 - 7.0 6.5 
d-Alpha Tocotrienol, % 1 1  .O -14.0 12.7 
d-Alpha Tocopherol, % 10.0-14.0 10.4 

3 Moisture (WT, %) (Karl Fisher) AOCS dh Edition C a  2e-84 1 .OO Max 0.06 
4 *Peroxide Value, meqkg AOCS 5Ih Edition Cd 8-53 10.0 Max 1.2 
5 Plant Squalene, % In House Method - CTM-0007104 8.00 Min 8.00 
6 Phytosterols Content, % In House Method - CTM-0008104 3.00 Min 3.08 
7 *Mixed Carotene, % In House Method - CTM-0003104 0.05 Min 0.05 
8 *Lead (Pb), pprn AOCS 5* Edition Ca 15-75 3.0 Max 3.0 

10 '*Total Viable Aerobic Count BP 2005Nolume IVlAppendix XVI B 1000 cfulg Max < 10 
1 1  *Total Combined Molds 8 Yeast Count BP 2005Nolume IVlAppendix XVI B 100 dulg Max c 10 - 
9 'Heavy Metals, ppm AOCS 5" Edition Ca 15-75 10.0 Max 10.0 

This certificate shall not be reproduced &c&&@&f$without written approval of  the Quality Control Department --- 
Remarks. 
1 
2. 
3 

All samples tested as per received. 
Tests marked with * in this report are not SAMM accredited 
Tests marked with ** in this report are SAMM accredited and approved by S k V M  signatory for microbiology section 

Page 1 of 1 
This (ertrjicate of rlnalysrs is not constnied as a \vurranty Customer is responsible to cany out their own analyses necessary 10 
determine the surtabilrry ofthe product described above for the intended use by the cuslomer 11 is the customer's responsibilrp to verifi 
the batch number of theprrhct  received wrth the numbers contained on lhrs report 

(~~~@m~
, MALAYSIA

Carotech
.f('C~EDlrED LA80""1O~~

MS ISOIIEe 17025
TESTING

SAMM NO. 364

I CERTIFICA~ OF:AN"ALYSIS

-'Or-

IG
KOSHER

(NON-GMO)TOCOMIN® 50%

1-------....;..-------......----.....;.----------,-----4
~,
MS 50C 2000l

NATURAL FULL SPECTRUM TOCOTRlENOLITOCOPHEROL COMPLEX 50% OIL SUSPENSION

Our Reference
COANo.
Sampling Date
Released Date
Manufacturing Date
Best Before Date
Batch No.
Country Of Origin

: Doc/GRAS 12
: CT 507062 1/6
: 13tfiJanuarY2009
: 22nd January 2009
: 13th January 2009
: 12th January 2012
: B7062_1_130109
: Malaysia

Reddish Oil Suspension

Analysis

1 *Physical Appearance

2 TocotrienolfTocopherol Complex, %
d-Gamma Tocotrienol, %

d-Beta Tocotrienol, %

d-Delta Tocotrienol, %

d-Alpha Tocotrieno/, %

d-Alpha Tocopherol, %

3 Moisture fYVT, %) (Kart Fisher)

4 *Peroxide Value, meq1kg

5 Plant Squalene, %
6 Phytosterols Content, %
7 *Mixed Carotene, %

8 *Lead (Pb), ppm

9 *Heavy Metals, ppm

10 **Total Viable Aerobic Count

11 **Total Combined Molds & Yeast Count

Test Method

In House Method - CTM_0001/05

AOCS Sth Edition Ca 2e-84

AOCS Sth Edition Cd 8-S3

In House Method - CTM_0007/04

In House Method - CTM_0008/04

In House Method - CTM_0003/04

AOCS Sth Edition Ca 1S-75

AOCS 5th Edition Ca 15-75

BP 200SNolume IV/Appendix XVI B

BP 200SNolume IV/Appendix XVI B

Specification

50.0 Min

20.0-24.0

1.5 Min

5.5-7.0

11.0-14.0

10.0 -14.0

1.00 Max

10.0 Max

8.00 Min

3.00 Min

0.05 Min

3.0 Max

10.0 Max
1000 cfu/g Max

100 cfu/g Max

Test Results

51.7

20.0

2.1

6.5

12.7

10.4

0.06

1.2

8.00

3.08

0.05

< 3.0

< 10.0

< 10

< 10

Certified By
_.?~:-..~~~ ...

/c. '" ' " p~
~,/'- \ ....- ~' ..... '''',,",,''' ~

" /1"", ,r ......'-..(::]~\
- ., '-'f , .......... ;,." '1' ~

.. · .... · .... ·· .... ···· .... ·· .. ··· ........ ··1··":;1 ""'''! \' '.

\1s. Chung Yoke Tying !i ~ '! 0, G~ "., ~I ~!;~ I'
S · Q I' C ICh' \,.J\ ""...~.~.,»,enlor ualty ontro emlst ,\~;: ... \'..;'~I~~'.j'r-;)lrl~r .. fJ
Issued Date: 16th June 2009 ": -'-\~ /:';""'/1,/

, ~"'<.l."1

This certificate shall not be reproduced eXce,;i.~without written approval ofthe Quality Control Department
l.... ~_.=~~

Remarks'
1 All ,amples tested as per received.
2. Tests marked with • In thiS report are not SAMM accredIted
3 Tests marked wtth •• In thiS report are SAMM accredIted and approved by SA,V1M 'Ignatory for microbiology section

Page I of 1
Tills ('ertljicate of AnalySIS /s not construed as a warranty ('us/orner IS responsible to cany out their own analyses lIecessary /0

determme the sUitability ofthe product described above for the III/ended use by the customer 1tls the customer's re"ponslbIl,ty to vel'l.6'
the batch number ofthe product recelwd wah the numbers contamed on tillS report
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. c .  

KOSHER YEIYLXUI 

TOCOMIN~ 50% (NON-GMO) 

NATURAL FULL SPECTRUM TOCOTRIENOLLTOCOPHEROL COMPLEX 50% OIL SUSPENSION 

Our Reference 1 Doc I GRAS I 3  
COA No. : C T  506976-117 
Sampling Date : 12trMarch 2009 
Released Date : 18" March 2009 
Manufacturing Date : 1 2th March 2009 
Best Before Date : 1 lth March 2012 
Batch No. :B6976~1~120309 
Country Of Origin : Malaysia I 

SDecification Test Results Analvsis Test Method 
1 'Physical Appearance Reddish Oil Suspension 
2 Tocotrienolflocopherol Complex, % In House Method - CTM-0001/05 50.0 Min 52.3 

d-Gamma Tocotriend, % 20.0 - 24.0 20.0 
d-Seta Tocotrienol, % 1.5 Min 2.5 
d-Delta Tocotrienol, % 5.5 - 7.0 6.1 
d-Alpha Tocotrienol, % 1 1  .O -14.0 12.8 
d-Alpha Tocopherol, % 10.0-14.0 10.9 

3 Moisture (Wr. %) (Karl Fisher) AOCS 5" Edition Ca 2e-84 1 .OO Max 0.08 
4 'Peroxide Value, meq/kg AOCS 5" Edition Cd 8-53 10.0 Max 1.7 
5 Plant Squalene, % In House Method - CTM-0007/04 8.00 Min 8.01 
6 Phytosterols Content, % In House Method - CTM-0008/04 3.00 Min 3.00 
7 *Mixed Carotene, YO In House Method - CTM-0003/04 0.05 Min 0.07 
9 'Lead (Pb), ppm AOCS !jth Edition Ca 15-75 3.0 Max ~ 3 0  

1 1  *'Total Viable Aerobic Count BP 2005Nolume IVlAppendix XVI B 1000 ddg Max 1 0  
12 Total  Combined Molds 8 Yeast Count BP 2005Nolume IVlAppendix XVI B 100 dulg Max c 10 

10 *Heavy Metals, ppm AOCS gth Edition C a  15-75 10.0 Max 111.0 

-.-- .. -:.. - .- .-... 

Ms. Chung Yoke Tying 
Senior Quality Control Chemist 
Issued Date : 16'h June 2009 

This certijicate shall not be written approval of the Quuli@ Control Department 

Remarks. 
I 
2 
3 

All samples tested as per received. 
Tests marked with * in this report are not SAMM accredited 
Tests marked with * *  in this report are SAMM accredited and approved by SAMM signatory for microbiology section 

Page I of 1 

This CertrJicate of Analysis IS not construed u\ u warranty Customer IS responsible to carry out their own anul)xA tfeceeJsCrrJ' !O 
determine the suitability ofthe product descrrbed above for the intended use by the customer It is the customer 's res/~on.srhrli~ 11) W'I& 
the hutch number ofthe product received with the numbers conrarned on this report 

Carotech

TOCOMIN@ 50% (NON-GMO)
~.

IG
KOSHER

NATURAL FULL SPECTRUM TOCOTRIENOLITOCOPHEROL COMPLEX 50% OIL SUSPENSION

Reddish Oil Suspension1

2

~
",,~,

3

4

5

6

7

9

10

11

12

Our Reference
COA No.
Sampling Date
Released Date
Manufacturing Date
Best Before Date
Batch No.
Country Of Origin

Analysis

·Physical Appearance

TocotrienolfTocopherol Complex, %

d-Gamma Tocotrienol. %

d-Beta Tocotrieno/. %
d-Delta Tocotrieno/. %

d-Alpha Tocotrieno/, %
d-Alpha Tocopherol, %

Moisture (yIlT, %) (Karl Fisher)

·Peroxide Value, meq/kg

Plant Squalene, %

Phytosterols Content, %

·Mixed Carotene, %

·Lead (Pb), ppm

·Heavy Metals, ppm

··Total Viable Aerobic Count

**Total Combined Molds & Yeast Count

: Doc 1GRAS 13
: CT 506976 1/7
: 1iii"March 2009
: 18th March 2009
: 1i h March 2009
: 11 th March 2012
: B6976 1 120309
: MalaySia-

Test Method

In House Method - CTM_0001/05

AOCS 5th Edition Ca 2e-84

AOCS 5th Edition Cd 8-53

In House Method - CTM_OO07104

In House Method - CTM_OOO8/04

In House Method - CTM_0003/04

AOCS 5th Edition Ca 15-75

AOCS 5th Edition Ca 15-75

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/Aooendix XVI B

Specification

50.0 Min

20.0-24.0

1.5 Min

5.5-7.0

11.0 -14.0

10.0 -14.0

1.00 Max

10.0 Max

8.00 Min

3.00 Min

0.05 Min

3.0 Max

10.0 Max

1000 cfulg Max

100 cfu/a Max

Test Results

52.3

20.0

2.5

6.1

12.8

10.9

0.08

1.7

8.01

3.00

0.07

<30

< 10.0

< 10

< 10

Certified By
/:...~::. - ~.~.:-<"' ...........

--. /. • ">,, - .... -- ,',

,\ !,.,'r. :.
••••••••••••••••••••••••••••••••••••••• • •• o!. -- ,..~ '. ~' • .' .-

Ms. Chung Yoke Tying (;:..: :<.~'~~.:,~! :/1
Senior Quality Control Chemist "\<':'1\ ' , . - '/~>:,.;

Issued Date: 16th June 2009 ~~"0 ''-_''~c>j/
~ oJ_ .~"J,'

"'"..... /~ ~;--:7
This certificate shall not be reproduced exce'jfffiift;/1, without written approval ofthe Quality Control Department

Remarks.
I All ;amples tested as per recel~ed.

2 Tests marked '''''th • to this report arc not SAMM accredited
3 Tests marked With •• to thiS report are SAMM accredited and approved by SAMM signatory for microbIOlogy ;ecllon

Page I of I

ThiS <ertificate of AnalYSIS IS not conslrued al a warranty Customer IS responsible to carry out their own analy,c, /leee.l.la/)' ,'0
determllle the slIItablilty of the product descnbed above for the IIltended use by the customer It IS the cllstomer's re.~rJOnslh"lf} tQ vel'l!'y
the hatch numher of the product receIved WIth the numbers cOlllallled on th" report

000089



TESTING 
SAMM NO. 364 

CERTIFICATE OF ANALYSIS 

WA TER DISPERSIBLE NATURAL FULL SPECTRUM TOCOTRIENOUTOCOPHEROL COMPLEX 20% POWDER 

Our Reference 
COA No. 
Sampling Date 
Released Date 
Manufacturing Date 
Best Before Date 
Batch No. 
Country Of Origin 

, Doc I GRAS I 1 
. CT-Tocomax-3 10309-1 I1 3 
' 4Ih April 2009 
: 8" April 2009 
. 31" March 2009 
: 30th March 2010 
: Tocomax~1~310309 
: Malaysia 

1 
2 

Analysis 

"Physical Appearance 
Tocotrienolllocopherol Complex, YO 

d-Gamma Tocotrienol, % 
&Beta Tocotrienol, % 
&Delta Tocotrienol, % 
d-Alpha Tocotrienol, % 
d-Alpha Tocopherol, % 

Moisture (Wr, %) (Karl Fisher) 
Plant Squalene, 'YO 
Phytosterols Content, % 
'Lead (Pb), pprn 
'Heavy Metals, ppm 
**Total Viable Aerobic Count 
** Total Combined Molds & Yeast Count 

Test Method 

In House Method - CTM-0030104 

AOCS 5'h Edition Ca 2e-84 
In House Method - CTM-0035/00 
In House Method - CTM-0036/02 
AOCS 51'~ Edition Ca 15-75 
AOCS 5'h Edition Ca 15-75 
BP 2005Nolume IWAppendix XVI B 
BP 2005Nolume IWAppendix XVI B 

SDecification Test Results 

Dry Stabilized Orange Powder 
20.0% Min 21.3 
8.0 - 10.0 8.1 
0.5 Min 1 .o 
2.0 - 3.0 2.6 
4.5 - 6.0 5.3 
4.0 - 6.0 4.3 
8.00 Max 0 54 
3.0 Min 3.1 
1 .O Min 3.7 
3.0 Max < 3.0 
10.0 Max < 10.0 
1000 cfulg Max < 10 
100 cfu/g Max < 10 

I<ciiiar!is 
I 
2 
3 

,\I1 taiiiplec tested as per reccived 
rests marked with * iii t h i s  report are not SAMM accredited 
rzats iiiarkcd w i t h  * *  in Ihis report arc SAMM accreditcd and approved by 9 A M M  sigiratoq for rnicrobiolqg section 

Page 1 ol' I 

Carotech
MS ISOIIEe 17025

TESTING
SAMM NO. 364

CERTIFICATE OF ANALYSIS

I
i TOCOMAX"'20% (GMOFREE) Ia

KOSHER

WATER DISPERSIBLE NATURAL FULL SPECTRUM TOCOTRIENOUTOCOPHEROL COMPLEX 20% POWDER

Dry Stabilized Orange Powder

20.0% Min 21.3

8.0 -10.0 8.1

0.5 Min 1.0

2.0 -3.0 2.6

4.5-6.0 5.3

4.0-6.0 4.3

8.00 Max 054

3.0 Min 3.1

1.0Min 3.7

3.0 Max < 3.0

10.0 Max < 10.0

1000 cfu/g Max < 10

100 cfulg Max < 10

Our Reference
COA No.
Sampling Date
Released Date
Manufacturing Date
Best Before Date
Batch No.
Country Of Origin

Analysis

1 "Physical Appearance

2 TocotrienollTocopherol Complex, %

d-Gamma Tocotrieno/, %

d-Beta Tocotrieno/, %

d-Delta Tocotrieno/, %

d-Alpha Tocotrieno/, %

I d-Alpha Tocopherol, %

3 MOisture (NT, %) (Karl Fisher)

4 Plant Squalene, %

5 Phytosterols Content, %

6 "Lead (Pb), ppm

I 7 "Heavy Metals, ppm

8 "Total Viable Aerobic Count

9 "" Total Combined Molds & Yeast Count

· Doc / GRAS / 1
· CT Tocomax 310309 1/13
· 4th Apnl 2009- -
: 8th April 2009
· 31 st March 2009
: 30th March 2010
: Tocomax_1_31 0309
: Malaysia

Test Method

In House Method - CTM_0030/04

AOCS 5th Edition Ca 2e-84

In House Method - CTM_0035/00

In House Method - CTM_0036/02

AOCS 5th Edition Ca 15-75

AOCS 5th Edition Ca 15-75

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/Appendix XVI B

Specification Test Results

Remark,
I ,\11 ,ample, tested as per received
2 fe,ts marked with' 111 tills report ar~ not SAMM accredited

fe,ts marked with" inlh" repnrt arc SA\1M accredited and approved by 'iAMM Signatory for mlcroblolq;y section

Page I or I

7111.\ Cc!rrt/lcoft! of tl1lll) \1\' 1\ nol (on.~'rlledus a 11 arranT} Cu,\/omer H respot15/h/e to carry OW their own (JIW~Y'ie5 nece.s.w/}' 10 determme the 'suuobrllt} of
rht' !JrOc/W.1 de.'lLnhed uho\'t! for the JI1tt!ndeJ lise hy the Ui.\/OI1lt!r It IS the customer's rl·.~pon~lhllrf}' to venfy the butch nl/mher of/he product rf!Lenedw/th
rilL' l1umhen cOJ1lLll1Jed on till) report
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MS ISOllEC 17025 
TESTING 

SAMM NO. 364 

*e,... . 

CERTIFICATE OF ANALYSIS 

TOCOMAXT" 20% (GMO FREE) 

CVA TER DlSPERSlBLE NA TURAL FULL SPECTRL'M TOCOTRIE,~OLJTOCOPHEROL COMPLEX 20% POWDER 

Our Reference 
COA No. 
Sampling Date 
Released Date 
Manufacturing Date 
Best Before Date 
Batch No. 
Country Of Origin 

: Doc I GRAS I 2  
. CT~Tocomax~020309~118 
: 7th March 2009 
: 12" March 2009 
: 2nd March 2009 
: 1'' March 2010 
: Tocomax~1~020309 
: Malaysia 

1 
2 

Analysis 

'Physical Appearance 
Tocotrienolflocopherol Complex, % 

d-Gamma Tocotrienol, % 
d-Beta Jocofrienol, % 
d-Delta Tocofrienol, % 
d-Alpha Tocofnenol, % 
d-Alpha Tocopherol, % 

Moisture (I", YO) (Karl Fisher) 
Plant Squalene, % 
Phytosterols Content, % 
'Lead (Pb), ppm 
*Heavy Metals, ppm 
"Total Viable Aerobic Count 
'* Total Combined Molds & Yeast Count 

Test Method 

In House Method - CTM-0030/04 

AOCS 5th Edition Ca 2e-84 
In House Method - CTM-0035/00 
In House Method - CTM-0036102 
AOCS 5th Edition Ca 15-75 
AOCS 5Ih Edition Ca 15-75 
BP 2005Nolume IVlAppendix XVI B 
BP 2005Nolume IVlAppendix XVI 6 

Specification Test Results 

Dry Stabilized Orange Powder 
20.0% Min 20.2 
8.0 - 10.0 8.0 
0.5 Min 0.9 
2.0 - 3.0 2.4 
4.5 - 6.0 4.5 
4.0 - 6.0 4.4 
8.00 Max 0.76 
3.0 Min 4.5 
1 .O Min 1.9 
3.0 Max 3.0 
10.0 Max c 10.0 
1000 cfulg Max < 10 
100 cfulg Max < 10 

- -_I__ -. ~.~ _.____ . . .. 

Kciiiarh., 
I 
1 
7 

. \ I 1  saiiip1c.s ~ C S I C ~  aspcr rcceiwd 
l - e s ~ s  innrkcd n i t h  * in this report are not SAM\l accredited 
I c \ t \  m:irhsd n i t h  * *  i i i  t l i i b  rcport arc SAh4M accredited and approved b) SA\IM sigmtory for microbidog% section 

I'apt: I 01' I 

Carotech
4rOlEDITEO IABOAAlO"~

MS ISO/lEe 17025
TESTING

SAMM NO. 364

TOCOMAX
H

' 20%

CERTIFICATE OF ANALYSIS

(GMO FREE) -Ia
KOSHER

WATER DISPERSIBLE NATURAL FULL SPECTRUM TOCOTRJENOUTOCOPHEROL COMPLEX 20% POWDER

Dry Stabilized Orange Powder

20.0% Min 20.2

8.0 - 10.0 8.0

0.5 Min 0.9

2.0-3.0 2.4

4.5-6.0 4.5

4.0-6.0 4.4

8.00 Max 0.76

3.0 Min 4.5

1.0 Min 1.9

3.0 Max < 3.0

10.0 Max < 10.0

1000 cfu/g Max < 10

100 cfu/g Max < 10

i 1
i

2

3
4

I 5

6
7

i 8
9

Our Reference
COA No.
Sampling Date
Released Date
Manufacturing Date
Best Before Date
Batch No.
Country Of Origin

Analysis

"PhYSical Appearance

TocotrienollTocopherol Complex. %

d-Gamma Tocotrienol, %

d-Beta Tocotrienol, %

d-Delta Tocotrienol, %

d-Alpha Tocotnenol, %

d-Alpha Tocopherol, %

MOisture 0/VT, %) (Karl Fisher)

Plant Squalene, %
Phytosterols Content, %

*Lead (Pb), ppm

*Heavy Metals, ppm

""Total Viable Aerobic Count

•• Total Combined Molds & Yeast Count

: Doc/GRAS/2
. CT Tocomax 020309 1/8
: i h March 2009 -
: 1zlh March 2009
: 2nd March 2009
: 1st March 2010
: Tocomax 1 020309
: Malaysia - -

Test Method

In House Method - CTM_0030/04

AOCS 5th Edition Ca 2e-84

In House Method - CTM_0035/00

In House Method - CTM_0036/02

AOCS 5th Edition Ca 15-75

AOCS 5th Edition Ca 15-75

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/Appendix XVI B

Specification Test Results

Certified By ."'" ;:>'';~~~~'~~'''~~
i '~ /'/ ,"-' -.~.----.....::../(} '\.

.~~,~,h~:~,;~'c',:;ih,m"'···.(~X::~~l~i)
b~ued Dale 16'h June 2009 . , /--/_

'- ~',- ..../~.f:Jf
: This certificate ~"allllot be reprodll~'e~~fl, wit"out writtell approval of/Ire Quality COlltrol Department
,I

Kemark,
I .\11 samples testcd as per rccelved
2 rest, marked \\Ith' mth" report are not <;>\1\1\1 accrcdltcd

I c,h marked With"' 111 tim report arc SAMM accredited and approved b} SA \1M sigmtory lor mlcroblo!Og} section

/111.1 ('CI IIllcJI,' o(./nal)'l/s 1\ nol comlrued 1/.1 il lI'alrtlllly ellSIOlller fj re,pOlmhle 10 wrry ollilheir 01111 analyses lIece"ary 10 delermll1e Ihe sUllablllly IiI
Ihe prodl/({ de"'nbed "bove (or Ille IIIlellded we by Ihe (lISIOlller /1 1.1 Ihe clI.\lomer 's re.lpol1.llbrlll)' 10 rerr/} Ihe halch nllmber ofIhe produci recl!l1'ed 1I11h
fhe JlUll/htU , L on/Wiled oil thl5 '2port

000091



TESTING 
SAMM NO. 364 

CERTIFICATE OF ANALYSIS 

TOCOMAXrM 20% (CMO FREE) 

W/d TER DISPERSIBLE NATURAL FULL SPECTRUM TOCOTRIEiVOL/TOCOPHEROL COMPLEX 20% POWDER 

Our Reference 
COA No. 
Sampling Date 
Released Date 
Manufacturing Date 
Best Before Date 
Batch No. 
Country Of Origin 

DOC I GRAS r 3 
CT Tocomax-I 80509-1 13 
25IFMay 2009 
30th May 2009 
1 ath May 2009 
17'h May 2010 
Tocornax-1-1 80509 
Malaysia 

1 
2 

Analysis 

"Physical Appearance 
TocotrienoVTocopherol Complex, % 

d-Gamma Tocotrienol, % 
dBeta Tocotrienol, % 
d-Delta Tocotrienol, % 
d-Alpha Tocotrienol, % 
d-Alpha Tocopherol, % 

Moisture (WT, %) (Karl Fisher) 
Plant Squalene, % 
Phytosterols Content, % 
*Lead (Pb), ppm 
*Heavy Metals, ppm 
*'Total Viable Aerobic Count 
"Total Combined Molds &Yeast Count 

Test Method 

In House Method - CTM-0030/04 

AOCS 5Ih Edition Ca 2e-84 
In House Method - CTM-0035/00 
In House Method - CTM-0036/02 
AOCS 5'h Edition Ca 15-75 
AOCS 5Ih Edition Ca 15-75 
BP 2005Nolume IV/Appendix XVI B 
BP 2005Nolume IWAppendix XVI B 

Specification Test Results 
Dry Stabilized Orange Powder 
20.0% Min 20.6 
8.0 - 10.0 8.1 
0.5 Min 1 .o 
2.0 - 3.0 2.4 
4.5 - 6.0 5.0 
4.0 - 6.0 4.1 
8.00 Max 0.46 
3.0 Min 3.9 
1 .O Min 1.1 
3.0 Max < 3.0 
10.0 Max < 10.0 
1000 du/g Max < 10 
100 cfulg Max < 10 

Certified By 

, . .  . . . . . . . . . , . 
M s .  Chung Yoke I'ying 

.. 
. i  

writfen npproval of the Quuliry Control Department 

Kcrn;irhb 
i 
2 
3 

.\I1 sainplcs tested as pcr rcceived 
rests inarkcd w i t h  + in lhi, report are not SAMM accrsditcd 
Te,h niarhed with * *  in this report are SAMM accredited and approved by SAMM s igmtory tor microbiolqy section 

['axe 1 of I 

(~&J!]lQ)~~m~
I.~' MALAYSIA

-frqEDITED lAIOl."O'"

MS ISOIIEe 17025
TESTING

SAMM NO. 364

Carotech

CERTIFICATE OF ANALYSIS

•Ia
KOSHER

(GMO FREE)TOCOMAX™ 20%

,~==~~-=-~=~==========-----===-=----=-~-41

WATER DISPERSIBLE NATURAL FULL SPECTRUM TOCOTRIENOLITOCOPHEROL COMPLEX 20% POWDER

Our Reference : Doc / GRAS 13
COA No. : CT Tocomax 180509 1/3

: 25t
li'"May 2009

-
Sampling Date
Released Date • : 30th May 2009
Manufacturing Date : 18th May 2009
Best Before Date . 1th May 2010
Batch No. : Tocomax_1_180509
Country Of Origin : Malaysia

Analysis Test Method Specification Test Results

1 "Physical Appearance Dry Stabilized Orange Powder

2 TocotnenollTocopherol Complex. % In House Method - CTM_0030/04 20.0% Min 20.6

d-Gamma Tocotrienol, % 8.0 - 10.0 8.1

".... d-Beta Tocotrieno/, % 0.5Min 1.0

d-Delta Tocotrienol, % 2.0-3.0 2.4

d-Alpha Tocotrienol, % 4.5 -6.0 5.0

d-Alpha Tocopherol, % 4.0 -6.0 4.1

3 Moisture foNT, %) (Karl Fisher) AOCS 5th Edition Ca 2e-84 8.00 Max 0.46

4 Plant Squalene, % In House Method - CTM_0035/00 3.0 Min 3.9

5 Phytosterols Content, % In House Method - CTM_0036/02 1.0 Min 1.1

6 "Lead (Pb), ppm AOCS 5th Edition Ca 15-75 3.0 Max < 3.0

7 "Heavy Metals, ppm AOCS 5th Edition Ca 15-75 10.0 Max < 10.0

8 **Total Viable Aerobic Count BP 2005Nolume IV/Appendix XVI B 1000 cfu/g Max <10

9 ""Total Combined Molds & Yeast Count BP 2005Nolume IV/Appendix XVI B 100 cfu/g Max < 10

Cerllfied By

\1s. Chung Yoke lying
Senior Quality Control Chemist
b~ued Date: 16'h June 2009

Rcmarb
I ,\11 ;amples te;!ed as per received
2 rests marked \\ Ith • 111 111IS report are not SAMM acercdlted

Tc)" l1lar~cd wllh •• 111 Ih,s report are SAMM 'leered lied and approved by SAMM slgrntory lor microbIOlogy ,cellOn

Page I of I

I lin ( 'L') ttfiUJIi! oj .-1111.1/).'1/\ /j 1101 c011.Hrued as a 11 Utrallfy Customer I~ re.\po!J.Hble 10 carry ()III their Oil n allol}jl!J necessary 10 determme the ,\Uttab,lil)' oj
tile p/oduct desGuhed above lur Ihe II1li'nded /I.1e hy the ClIJlomer II /j Ihe UIJ/u/Uer ~ rl!5ponslblhty Iv venfy Ihe halch nwnher (lthe product recel'ved With
lhe 1I11mbt:'1 \ l ol1Ja/l1t'd on 117/\ rt!port
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i.. . . 

Carotech 
TESTING 

SAMM NO. 364 

CERTIFICATE OF ANALYSIS 

TOCOMIN@ SUPRABIO~" 20%  ON-GMO) 

BIO-ENHANCED NA TURA L FULL SPECTRUM TOCOTRIENOL/TOCOPHEROL COMPLEX 20% SUSPENSION 

Our Reference 
COA No. 
Sampling Date 
Released Date 
Manufacturing Date 
Best Before Date 
Batch No. 
Country Of Origin 

: Doc / GRAS / 1 
: CSB-20030609-81/2 
: 3"June 2009 
: 8'h June 2009 
: 3rd June 2009 
: 2"d June 201 1 
: SupraBio/J-B 1-030609 
: Malaysia 

Analysis 

*Physical Appearance 
TocotrienoVTocopherol Complex, YO 

d-Gamma Tocotnenol, % 
dBeta Tocotrienol, % 
d-Delta Tocotrienol, % 
d-Alpha Tocotrienol, % 
d-Alpha Tocopherol, % 

Moisture (Wf, %) (Karl Fisher) 
Plant Squalene, % 
Phytosterols Content, YO 
*Mixed Carotene, % 
'Lead (Pb), ppm 
"Heavy Metals, pprn 
"Total Viable Aerobic Count 

Test Method 

In House Method - CTM-0048/01 

AOCS 5" Edition Ca 2e-84 
In House Method - CTM-0053/00 
In House Method - CTM-0054/00 
In House Method - CTM-0050/00 
AOCS 5" Edition Ca 15-75 
AOCS 5" Edition Ca 15-75 
BP 2005Nolume IV/Appendix XVI B 

Specification Test Results 

Light Amber Suspension 
20.0 Min 21.5 
8.0 - 9.6 8.1 
0.6 Min 0.9 
2.2 - 2.8 2.5 
4.4 - 6.0 5.2 
4.0 - 5.6 4.8 
1 .OO Max 0.8 
3.0 Min 3.6 
1.5 Min 1.6 
0.02 Min 0.03 
3.0 Max 3.0 
10.0 Max < 10.0 
1000 cfu/g Max c 10 

Zertified By r -  
'9 ... ..... .... ...... .... .... . 

MS. Chung Yoke Tying 
Scnior Oualitv Control Chemist 
Issued l jate ' -1 6"' June 2009 

This cerrificnte sltnll not be iG2Y ull, witlrout written approval of the Qualiv Control Deparlment 

Remarks 
I 
2 
3 

All s;implez, lebred as per received 
fec lc  marked with * in this report are not SAMM accrrdiled 
rests marked with * *  in this report are SAMM accredited and approved by SAMM sigmtory for inicrobiology xclion 

Page 1 of I 

[hi)  ( 'c:rtr /ki iw ~ J ~ , I I I U I W . T  is not consrrired as a w a r r m y  ('ristomcr I.\ rCy ins ih ie  to Lorry oiir their owr analyses necessary to 
detci mrnr the ,siutohilrtJ, oftlie product described 'rhovc. /or  [he intended i i ~ r  by rile custotiier Ir I S  /Ire customer's responsrhilrtj lo 
renh die hatch nrtniber 01 the product r c e i v e d  i i , r r / t  the nunrhers contained on thrs reporr 

MS ISOllEe 17025
TESTING

SAMM NO. 364

CERTIFICATE OF ANALYSIS

Carotech

TOCOMIN® SUPRABIO
T
.. 20% (NON-GMO)

MS 15002004

BIO-ENHANCED NATURAL FULL SPECTRUM TOCOTRIENOurOCOPHEROL COMPLEX 20% SUSPENSION

Our Reference : Doc / GRAS / 1
COA No. : CSB 20030609 B1/2
Sampling Date : 3'd June 2009 -
Released Date : 8th June 2009
Manufacturing Date : 3'd June 2009
Best Before Date : 2nd June 2011
Batch No. : SupraBio/J_B1_030609
Country Of Origin : Malaysia

Analysis Test Method Specification Test Results

1 'Physical Appearance Light Amber Suspension

2 Tocotrienolrrocopherol Complex, % In House Method - CTM_OO48/01 20.0 Min 21.5

d-Gamma Tocotrienol, % 8.0-9.6 8.1

d-Beta Tocotrienol, % 0.6 Min 0.9
".... d-Delta Tocotrieno/, % 2.2 -2.8 2.5

d-Alpha Tocotrienol, % 4.4-6.0 5.2

d-Alpha Tocopherol, % 4.0- 5.6 4.8

3 Moisture ('NT, %) (Karl Fisher) AOCS 5th Edition Ca 2e-84 1.00 Max 0.8

4 Plant Squalene, % In House Method - CTM_00S3/00 3.0 Min 3.6

5 Phytosterols Content, % In House Method - CTM_OO54/00 1.5 Min 1.6

6 'Mixed Carotene, % In House Method - CTM_0050/00 0.02 Min 0.03

7 'Lead (Pb), ppm AGCS 5th Edition Ca 15-75 3.0 Max < 3.0

8 -Heavy Metals, ppm AGCS Sth Edition Ca 15-75 10.0 Max < 10.0

9 -'Total Viable Aerobic Count BP 2005Nolume IV/Appendix XVI B 1000 cfu/g Max < 10

10 "Total Combined Molds & Yeast Count BP 2005Nolume IV/A endix XVI B 100 cfu/ Max < 10

Ms. Chung Yoke Tying
Senior Quality Control Chemist
Issued Date' 161h June 2009

Certified By
r·
\'1

Remarks
I All 'amplc> tc,ted as per received
2 re,l, marked with' In this report are not SAMM accredltcd
3 rests markcd With •• In this report are SAMM accredlled and approved by SAM\1 sigriitory f()r microbIOlogy ,cellon

Page 1 of I

~""'. nll~ ('tlrll!ft(/le o(,tna(v.\/s IS nor constrlled as a It'arrant}' (·u.~'(Jmcr 1.\ re'ponslhle 10 Larry oul their OWI1 analyses necessary to
deleI1ll'"" Ihe .Ill/Iabi/'I)· o( Ihe pmdllct descnbed "bove (or the Inlended lI.1e by the clIsromer It's Ihe clIslomer's responslb,llty to
'Cri/) rhe hatch I1l1mher oj/he prodliLl received 1I'1I1t the nllmbers col1/Qll1ed on rh,s reporr

~/'_' , C -",::'-, '-,I,
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MS ISOllEC 17025 
TESTING 

SAMM NO. 364 

Carotech 
_ - ~ _ -  i ,^- 

CERTIFICATE OF ANALYSIS 
P> 

TOCOMIN~ SUPRABIO~" 20% (NON-GMO) 
KOSHER us ismimr 

BIO-ENHANCED NA TURAL FULL SPECTRUM TOCOTRIENOUTOCOPHEROL COMPLEX 20% SUSPENSION 

Our Reference 
COA No. 
Sampling Date 
Released Date 
Manufacturing Date 
Best Before Date 
Batch No. 
Country Of Origin 

: Doc/GRAS/2 
: CSB-20210509-BI /3 
: 2I"May 2009 
: 28Ih May 2009 
:21" May 2009 
. 20th May 201 1 
: SupraBio/J-B1-210509 
. Malaysia 

SDecification Test Results Analysis Test Method 

1 *Physical Appearance Light Amber Suspension 
2 Tocotrienol/Tocopherol Complex, % In House Method - CTM-0048/01 20.0 Min 20.3 

d-Gamma Tocotrienol, % 8.0 - 9.6 8.0 
d-Beta Tocotrienol, % 0.6 Min 0.9 
d-Delta Tocotrienol, % 2.2 - 2.8 2.2 
d-Alpha Tocotrienol, % 4.4 - 6.0 4.9 
d-Alpha Tocopherol, % 4.0 - 5.6 4.3 

3 Moisture (WT, %) (Karl Fisher) AOCS !jth Edition Ca 2e-84 1 .OO Max 0.8 
4 Plant Squalene, % In House Method - CTM-0053/00 3.0 Min 3.8 
5 Phytosterols Content, % In House Method - CTM-0054/00 1.5 Min 1.5 
6 'Mixed Carotene, % In House Method - CTM-0050/00 0.02 Min 0.02 
7 *Lead (Pb), ppm AOCS 5Ih Edition Ca 15-75 3.0 Max < 3.0 

9 "Total Viable Aerobic Count BP 2005Nolume IV/Appendix XVI B 1000 cfu/g Max 10 
10 "Total Combined Molds & Yeast Count BP 2005Nolume IV/Appendix XVI B 100 cfu/g Max 10 

8 'Heavy Metals, ppm AOCS 5Ih Edition Ca 15-75 10.0 Max 10.0 

c 

' written approval of the Quality Control Depariment 
I_ . ---- 

Kcmarks 
I 
2 
3 

411 samples testcd as per received 
Tests niarked wilh * in lliis report are not S A M M  accredited 
Icsls marked with ** 111 this repon arc S A M M  nccrrdiled and approved by SAMM sigwtory for rnicrobiolom section 

I'a_ee I of I 

/hi.! (7erlifi~ale 01 -IiiuIym I.\ no1 ronslriied us a ivarruiip Cuslomer i\ rcsponsrhle to curry out their oivn analyses necessary to 
Jercriiiiiie Ihe \riiiuhility o/ the product described uhove for /he intended use b). the ciulonier I1 is the customer's recponsrhilr& lo 
I L,ri(t the butdi number offhe producl received 11 cth the numbers ro~itoined on this report 

STANDARDS '.
. MALAYSIA _"'~

Sri
MS ISOIIEe 17025

TESTING
SAMM NO. 364

CERTIFICATE OF ANALYSIS

TOCOMIN~SUPRABIOT" 20% (NON-GMO) IG
KOSHER MS 15002004

BIO-ENHANCED NATURAL FULL SPECTRUM TOCOTRIENOLITOCOPHEROL COMPLEX 20% SUSPENSION

Light Amber Suspension

Our Reference
COANo.
Sampling Date
Released Date
Manufacturing Date
Best Before Date
Batch No.
Country Of Origin

Analysis

1 *Physlcal Appearance

2 TocotrienolfTocopherol Complex. %
d-Gamma Tocotrienol, %

d-Beta Tocotrienol. %

d-Delta Tocotrienol, %

d-Alpha Tocotrienol. %

d-Alpha Tocopherol. %

3 Moisture 0NT. %) (Karl Fisher)
4 Plant Squalene, %

S Phytosterols Content, %
6 *Mixed Carotene, %

7 *Lead (Pb). ppm

8 *Heavy Metals, ppm

9 **Total Viable Aerobic Count

10 **Total Combined Molds &Yeast Count

: Doc / GRAS /2
: CSB 20210S09 B1/3
: 21 st May 2009 -
: 28th May 2009
: 21 st May 2009
. 20th May 2011
: SupraBio/J_B1_210S09
. Malaysia

Test Method

In House Method - CTM_0048/01

AOCS Sth Edition Ca 2e-84

In House Method - CTM_OOS3/00

In House Method - CTM_0054/00

In House Method - CTM_OOSO/OO

AGCS 5th Edition Ca 15-75
AGCS Sth Edition Ca 15-75

BP 200SNolume IV/Appendix XVI B

BP 200SNolume IV/Appendix XVI B

Specification

20.0 Min

8.0-9.6

0.6 Min

2.2 - 2.8

4.4 -6.0

4.0-S.6

1.00 Max

3.0 Min

1.S Min

0.02 Min

3.0 Max

10.0 Max

1000 cfu/g Max

100 cfu/o Max

Test Results

20.3

8.0

0.9

2.2

4.9

4.3

0.8

3.8

1.S

0.02

< 3.0

< 10.0

< 10

< 10

Certified By ,--. tr~
I \~ ,/~~(., 'ty~

.. ... ....... ........ . Iis Q'''£lli:y '1'-
Ms. Chung Yoke Tying (i w 0 Cont~1 -j[n
Senior Quality Control Chemist \0 eptlrtmern ~
Issued Date . 161h June 2009 .. cJ" ....

~O S'"
I .~

~ This certificate shall not he reproduced e: *. I. without written approval ofthe Quality Control Department

Remarks
I All ~amples tested as per receIved
2 Tests marked wIth • In tiltS report are not SA:\1M accredited
3 Ie~" marked with •• 111 this report arc SAMM accredIted and approved by SAMM ~Ignatory for microbiology section

Page I of I

!/71.\ Cemfiwre of -lna!}'".1 1.1 nor consrrued as a warranty Cusromer II re.l{Jol1.51ble ro carl)' our theIr own analyses nece"ary ro
,Ieterm",e Ihe \/ll/olJlll/y of rhe producr descrlhed above for rhe mrefJded use by rhe cwromer It IS rhe cusromer's relponslblilly 10

I.!/'Ill the horch /lumher ofrhe product rean'ed 1IIrh the /lumbers cOl1lall1ed on rhls report
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MS ISOKC 17025 
TESTING 

SAMM NO. 364 

"I 

Carotech 

CERTIFICATE OF ANALYSIS 
*? 

TOCOMIN~ SUPRABIO~" 20% (NON-GMO) 
KOSHER HI m o m 4  

BIO-ENHANCED NATURAL FULL SPECTRUM TOCOTRIENOL/TOCOPHEROL COMPLEX 20% SUSPENSION 

Our Reference 
COA No. 
Sampling Date 
Released Date 
Manufacturing Date 
Best Before Date 
Batch No. 
Country Of Origin 

; Doc I GRAS 13 
: CSB-20100209-B 113 
: 12" February 2009 
: 20th February 2009 
: 1 Oih February 2009 
: 9" February 201 1 
: SupraBio/J-B1-100209 
: Malaysia 

Analvsis 

"Physical Appearance 
Tocotrienolflocopherol Complex, % 

d-Gamma Tocotrienol, % 
d-Beta Tocotrienol, % 
d-Delta Tocotrienol, % 
d-Alpha Tocotrienol, % 
d-Alpha Tocopherol, % 

Moisture (Wl, %) (Karl Fisher) 
Plant Squalene, % 
Phytosterols Content, % 
*Mixed Carotene, 'YO 
*Lead (Pb), ppm 
'Heavy Metals, ppm 
"Total Viable Aerobic Count 

Test Method 

In House Method - CTM-0048/01 

AOCS 5Ih Edition Ca 2e-04 
In House Method - CTM-0053/00 
In House Method - CTM-0054/00 
In House Method - CTM-0050/00 
AOCS 5Ih Edition Ca 15-75 
AOCS 5'h Edition Ca 15-75 
BP 2005Nolume IV/Appendix XVI B 

Specification Test Results 

Light Amber Suspension 
20.0 Min 20.2 
8.0 - 9.6 8.0 
0.6 Min 1 .o 
2.2 - 2.8 2.5 
4.4 - 6.0 4.7 
4.0 - 5.6 4.0 
1 .OO Max 0.65 
3.0 Min 3.0 
1.5 Min 1.5 
0.02 Min 0.04 
3.0 Max 3.0 
10.0 Max < 10.0 
1000 du/g Max < 10 

10 '"Total Combined Molds 8 Yeast Count BP 2005/Volume IV/Appendix XVI 6 100 cfulg Max < 10 

CertifiedBy ?. 
t q 

. .  ... ................. 
Us. Chung Yoke Ty ing 
Senior Quality Control Chemist 
Issued Dnlr ' 16'h June 2009 

This cerfipcafe shall not be repro written approval ofthe Qua& ' Control ' Department 

Keinarks 
I 
2 
3 

All samples tcslcd as per received 
Tests marked with * in t h i s  rcport are not SAMM accrcdited 
I e\ l \  miirkcd with * *  in this report are SAMM accredilrd and approved by SAMM sigratory for microbiology section 

PJge I ( I f  I 

I / ? / \  ('c111ficuI~ of , l i i d ! w , $  is no1 cotrsrrired us a i iairun!~ ('iislonlcr 1 %  rc,spun\lh/e lo  currji out /heir oiin anabses necessaq' to 
&vcrninw the miluhrliry o f~ l re  producr descrrhed above for /he rnlended rise by /lie customer It I S  (he cirstanier 's responsrhilr~y to 
I erifi, the batch monbrr oftJJe product recelvrd 1~1th the niimbers conrained on this rrporf 

CERTIFICATE OF ANALYSIS

Carotech
~n~~ '..... r3wr'JJ.

TOCOMIN® SUPRABIO™ 20% (NON-GMO)
m

IG
KOSHER MS 15002004

BIO-ENHANCED NATURAL FULL SPECTRUM TOCOTRIENOLITOCOPHEROL COMPLEX 20% SUSPENSION

Our Reference : Doc / GRAS /3
COA No. : CSB 20100209 B1/3
Sampling Date : 1ih February 2609
Released Date : 20th February 2009
Manufacturing Date : 10th February 2009
Best Before Date : 9th February 2011
Batch No. : SupraBio/J_B1_100209
Country Of Origin : Malaysia

Analysis Test Method Specification Test Results

1 ·Physical Appearance Light Amber Suspension

2 TocotrienollTocopherol Complex, % In House Method - CTM_OO48/01 20.0 Min 20.2

d-Gamma Tocotrienol, % 8.0 -9.6 8.0

d-Beta Tocotrieno/, % 0.6 Min 1.0

d-Delta Tocotrienol, % 2.2-2.8 2.5

d-Alpha Tocotrienol, % 4.4 -6.0 4.7

d-Alpha Tocopherol, % 4.0 -5.6 4.0

3 Moisture 0JIfT, %) (Karl Fisher) AOCS 5th Edition Ca 2e-84 1.00 Max 0.65

4 Plant Squalene, % In House Method - CTM_OO53/00 3.0 Min 3.0

5 Phytosterols Content, % In House Method - CTM_0054/00 1.5 Min 1.5

6 ·Mixed Carotene, % In House Method - CTM_0050/00 0.02 Min 0.04

7 "Lead (Pb), ppm AOCS 5th Edition Ca 15-75 3.0 Max < 3.0

8 'Heavy Metals, ppm AOCS 5th Edition Ca 15-75 10.0 Max < 10.0

9 ··Total Viable Aerobic Count BP 2005Nolume IV/Appendix XVI B 1000 cfu/g Max < 10

10 ··Total Combined Molds & Yeast Count BP 2005Nolume IV/A endixXVI B 100 cfu/ Max < 10

Certified By ......, •

t \"'1
Ms. Chung Yoke Tymg
Senior Quality Control Chemist
Issued Date' 16th .rune 2009

!lFi!lQ:lit;JlOftff.ull. without writ/ell approval ofthe Quality COlltrol Department

Kemarks
J All samples tested as per recclvcd
2 Tcsts markcd with • In thIs rcport are not SAMM accrcdltcd

Ic", markcd Wt'h •• In this report are SA\1M accredited and approved by SAMM sigmtory for microbIOlogy sectIOn

P,I~e I ,,1'1

lhn (·c'fljic.ale oj ,1J1olv')!.\ /\' flol construed us alia/ranI)' C'ustomer n feSpOI1Hhle to (arry oulthelr OHIl analyses necessary to
deterlllllli' Ihe .Ill/tahdl/y of tire produci descnhed above for tire Intended use hy tire customer /1 IS the ClIslomer's responslhdl/Y to
1enf>' lire balch nllmber ofIhe prodllci receIved Wllh Ihe nllmbers contained on Ihls report

r' .j

',~ -- ,- -
" 1
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MS ISOllEC 17025 
TESTING 

SAMM NO. 364 

Carotech 
.. .. 

CERTIFICATE OF ANALYSIS 

KOSHER ~ ( 5 m a w  

TOCOMIN'~ SUPRABIO~~ 25% (NON-GMO) 

Our Reference 
COA No. 
Sampling Date 
Released Date 
Manufacturing Date 
Best Before Date 
Batch No. 
Country of Origin 

: Doc lGRASl I  
: CSB_SupraBio-221208/4 
: 22"d December 2008 
: 29Ih December 2008 
: 22nd December 2008 
.21" December 2010 
' SupraBio/N-C1-221208 
. Malaysia 

1 
2 

3 
4 
5 
6 
7 
8 
9 
10 

Analvsis 

*Physical Appearance 
TocotrienollTocopherol Complex, % 

d-Gamma Tocofrienol, % 
d-Befa Tocotrienol, % 
d-Delta Tocofrienol, % 
d-Alpha Tocofrienol, % 
d-Alpha Tocopherol, % 

Moisture (Wr, YO) (Karl Fisher) 
*Peroxide Value, meqlkg 
Plant Squalene, % 
Phytosterols Content, % 
'Mixed Carotene, Oh 
"Lead (Pb), ppm 
'Heavy Metals, ppm 

Test Method 

In House Method - CTM-0048/01 

AOCS 5Ih Edition Ca 2e-84 
AOCS tith Edition Cd 8-53 
In House Method - CTM-0053/00 
In House Method - CTM-0054/00 
In House Method - CTM-0050/00 
AOCS 5th Edition Ca 15-75 
AOCS 5Ih Edition Ca 15-75 

Specification Test Results 

Light Amber Suspension 
25.0 Min 26.4 
10.0 - 12.0 10.1 
0.75 Min 1.2 
2.75 - 3 50 3.5 
5.5 - 7.0 6.1 
5.0 - 7.0 5.5 
1.0 Max 0.2 
10.0 Max 1.4 
4.0 Min 10.9 
1.5 Min 8.2 
0.02 Min 0.31 
3.00 Max < 3.0 
10.0 Max < 10.0 

"Total Viable Aerobic Count BP 2005Nolume IV/Appendix XVI B 1000 du/g Max < 10 
11 "Total Combined Molds 8 Yeast Count BP 2005Nolume IV/Appendix XVI B 100 cfulg Max < 10 

Certified By ,~ 

. . . . . . . . . . 
.MS. Chung Y o k e  Tying 
Senior Quality Control Chemist 
Issued Date . 16"' June 2009 

wriflen approval of the Qual@ Control Departmeni 

Remarks 
1 
2 
3 

411 mnples  le5tt.d ,I> per received 
I a t s  iiiarked tvith * in this rcport are not SAMM accredited 
rests marked with * *  in this report are SAhlM accredited and approved by S,2MM vgmtory for microbiolo!g section 

Page I of I 

I hi, ( orti/icute , J j . i f l U / p l S  IS  iiot construed us ( I  irorrunty iir.stonier IS responsih/e to cnrry oitt their own analyses neressury to deterinme the 
,wituhility of tire product described ohove jor the intended tist by the ciistomer It I.\ tile cii,stomer '1 responsibdrv to verrfv the hutch number ofthe 
j?roduL( recerved w/r/i the nrrmher3 contanre( on this rrporf 

, .  ~, , - - . , -  

, , ,  

Carotech

CERTIFICATE OF ANALYSIS

TOCOMINID SUPRABIO
T

.. 25% (NON-GMO) IQ
KOSHER

BIO-ENHANCED NATURAL FULL SPECTRUM TOCOTRIENOLiTOCOPHEROL COMPLEX 25% SUSPENSION

Our Reference
COA No.
Sampling Date
Released Date
Manufacturing Date
Best Before Date
Batch No.
Country of Origin

: Doc / GRAS /1
: CSB_SupraBio_221208/4
: 22nd December 2008
: 29th December 2008
: 22nd December 2008
. 21 st December 2010
. SupraBio/N_C1_221208
. Malaysia

Analysis Test Method Specification Test Results

In House Method - CTM_0048/01

Light Amber Suspension1

2

3

4

5

6

7

8

9
10

11

'Physical Appearance

TocotrienollTocopherol Complex, %
d-Gamma Tocotrieno/, %
d-Beta Tocotrienol. %

d-Delta Tocotrienol, %

d-Alpha Tocotrienol. %

d-Alpha Tocopherol, %

Moisture 0NT, %) (Karl Fisher) AOCS 5th Edition Ca 2e-84

·Peroxide Value, meq/kg AOCS 5th Edition Cd 8-53

Plant Squalene, % In House Method - CTM_0053/00

Phytosterols Content, % In House Method - CTM_0054/00

·Mixed Carotene, % In House Method - CTM_0050/00

·Lead (Pb), ppm AOCS 5th Edition Ca 15-75

·Heavy Metals, ppm AOCS 5th Edition Ca 15-75

·'Total Viable Aerobic Count BP 2005Nolume IV/Appendix XVI B

·'Total Combined Molds & Yeast Count BP 2005Nolume IV/Aooendix XVI B

25.0 Min

10.0 -12.0

0.75 Min

2.75-350

5.5-7.0

5.0-7.0

1.0 Max

10.0 Max

4.0 Min

1.5 Min

0.02 Min

3.00 Max

10.0 Max

1000 cfu/g Max

100 cfu/a Max

26.4

10.1

1.2

3.5

6.1

5.5

0.2

1.4

10.9

8.2

0.31

< 3.0

< 10.0

< 10

< 10

,.....
I~

C'crti fled By
~
P"\~QH, Pl~,,~

//~. '-?~.
i'r':;:' ,.., -f \
...., QI.)(.',,:''{ .- \

. . ..... .. . ( :r • 0\ ,.. \
Yb. Chung Yok~ T)'mg . ~ ~rt~nt! i
Senior Quality Control Chemist .......0 Dar' c;:;: jJ
Issued Date. 16'" June 2009 ~.J .),~'j

*This certificate shall not be reproduced ex7l[ffmfull, without written approval of/he Quality Control Department

Remarks
I <\11 ,amples te,ted ,., per receIved
2 I e,ts marked \Vllh • In thiS rcpon arc not ~t\MM accredIted

rests marked with" In thIS repon dee St\!\IM accredited and approved by SAMM "gmtory for microbIOlogy sectIOn

Page I l1f I

I h/\ ( erlljicale of.lnal}sls IS 1101 COllslrlled as a Harronly ('lIslomer IS responsrble 10 carry 011/ Ihelr own allalyses necessary 10 delermlne Ihe
,I/I/Iubd/ly of Ihe prodilci descrrbed above for Ihe Inlellded lise by Ihe clIslomer /1 1.\ Ihe u;,\lnmer '\ responsrbr/rty 10 verify the batch number of Ihe
produGI receLwd 11'llh Ihe numhe" L'()'!lamed 011 IJus rf!PorJ

000096



MS ISOFC 17025 
TESTING 

SAMM NO. 364 

Carotech 

CERTIFICATE OF ANALYSIS 

TOCOMIN~ SUPRABIO~~ 25% (NON-GMO) 

BIO-ENHANCED IVA TURAL FULL SPECTRUM TOCOTRIENOL/TOCOPHEROL COMPLEX 25% SUSPENSION 

Our Reference 
COA No. 
Sampling Date 
Released Date 
Manufacturing Date 
Best Before Date 
Batch No. 
Country of Origin 

: Doc/GRASl2 
: CSB~SupraBio~l21207Ii3 
: 1 2Ih December 2007 
: 1 9'h December 2007 
: 1 2'h December 2007 
: 1 lth December 2009 
: SupraBio/N~C1~121207 
: Malaysia 

1 
2 

3 
4 
5 
6 
7 
8 
9 
10 
11 

Analysis 

*Physical Appearance 
TocotrienolITocopherol Complex, % 

d-Gamma Tocotrienol, % 
d-Beta Tocotrienol, % 
d-Delta Tocotrienol, % 
d-Alpha Tocotrienol, % 
d-Alpha Tocopherol, % 

Moisture (WT, YO) (Karl Fisher) 
*Peroxide Value, meqlkg 
Plant Squalene, % 
Phytosterols Content, % 
*Mixed Carotene, YO 
*Lead (Pb), ppm 
*Heavy Metals, ppm 
**Total Aerobic Microbial Count 
*'Total Combined Molds And Yeasts 

Test Method 

In House Method - CTM-0048/01 

AOCS 5'h Edition Ca 2e-84 
AOCS 5lh Edition Cd 8-53 
In House Method - CTM-0053/00 
In House Method - CTM-0054/00 
In House Method - CTM-0050/00 
AOCS 5Ih Edition Ca 15-75 
AOCS 5'h Edition Ca 15-75 
BP 2005, Plate Count Method 
BP 2005, Plate Count Method 

Soecification Test Results 

Light Amber Suspension 
25.0 Min 26.7 
10.0 - 12.0 10.1 
0.75 Min 1.3 
2.75 - 3.50 3.1 
5.5 - 7.0 6.5 
5.0 - 7.0 5.7 
1 .O Max 0.3 
10.0 Max 1.8 
4.0 Min 7.4 
1.5 Min 5.6 
0.02 Min 0.28 
3.00 Max < 3.0 
10.0 Max < 10.0 
1000 cfu/g Max < 10 
100 cfu/g Max < 10 

Certified By 
t- 

'q . . . . . . . . .  ..... ..................... 
Ms. Chung Yoke Tying 
Senior Quality Control Chemist 
Issued Date 16Ih June 2009 

This certificate shall not be reproduced evcept in full, without written npproval of the Quality Control Department 
-- 

Reinarks 
I 
2 
7 

All wnples  tested .is per received 
I csls inarked with * in  this report are not S A M M  ;iccrediled 
Tests inarked with * *  in this report are sub-contracted to SAMM Laboratory 

Page I of I 
/h is  Certificate of ,liia(J"iJ is ,io( c~~ristriied as a warranty Ciisromer IS  re$prinsihle to Lorry out their oivii anulyses necessary to determine the 
sirrtabrli!y of the pwdircl described aboi'efar the intended w e  hy the ciistoiner I t  IS the custonier 's responsibility to verify the hutch number ?/the 
l i t  o h c t  received w i t h  fhe nirnibers contained on / h i  \ report 

. .  
. .  

. ,  . . ~. " 7 -  
. ,  . .  

~ . . -  , . 
- I  

MS ISO/lEe 17025
TESTING

SAMM NO. 364

CERTIFICATE OF ANALYSIS

TOCOMIN® SUPRABIO™ 25% (NON-GMO) 10
KOSHER

BJO-ENHANCED NATURAL FULL SPECTRUM TOCOTRIENOUTOCOPHEROL COMPLEX 25% SUSPENSION

Our Reference : Doc I GRAS I 2
COANo. : CSB_SupraBio_121207/8
Sampling Date : 12'h December 2007
Released Date : 19th December 2007
Manufacturing Date : 12th December 2007
Best Before Date : 11 th December 2009
Batch No. : SupraBiolN_C1_121207
Country of Origin : Malaysia

Analysis Test Method Specification Test Results

1 'Physical Appearance Light Amber Suspension

2 TocotrienollTocopherol Complex, % In House Method - CTM_0048/01 25.0 Min 26.7

d-Gamma Tocotrienol, % 10.0 -12.0 10.1

d-Beta Tocotrieno/, % 0.75 Min 1.3

d-Delta Tocotrienol, % 2.75-3.50 3.1

d-Alpha Tocotrieno/, % 5.5 -7.0 6.5

d-Alpha Tocopherol, % 5.0 -7.0 5.7

3 Moisture 0NT, %) (Karl Fisher) AOCS 5th Edition Ca 2e-84 1.0 Max 0.3

4 'Peroxide Value, meq/kg AOCS 5th Edition Cd 8-53 10.0 Max 1.8

5 Plant Squalene, % In House Method - CTM_0053/00 4.0 Min 7.4

6 Phytosterols Content, % In House Method - CTM_0054/00 1.5 Min 5.6

7 'Mixed Carotene, % In House Method - CTM_OO50/00 0.02 Min 0.28

8 *Lead (Pb), ppm AOCS 5
th

Edition Ca 15-75 3.00 Max < 3.0

9 *Heavy Metals, ppm AOCS 5th Edition Ca 15-75 10.0 Max < 10.0

10 *'Total Aerobic Microbial Count BP 2005, Plate Count Method 1000 cfu/g Max < 10

11 "Total Combined Molds And Yeasts BP 2005, Plate Count Method 100 cfu/g Max < 10

Certified By

Remarks
I All ,ample" te"ted ,\" per received
2 Ic"t> marked with * m th" report arc not SAMM accredited
, Tests marked wIth '* III thIS report arc 'lib-contracted to SAMM Laboratory

Page I of I
/"Ius Certlficale of AllalySl; IS 1101 cO/lslrued as a warranty ClISlomer IS rell'on.\lhle In wrry oul Ihelr own analyses neces;ary 10 rlelermlne Ihe
Hlllobilily of the prodllci descrlhed above for Ihe I/1lellded lise by Ihe ellslomer II IS Ihe clIslomer's respOilSIblhry 10 verify Ihe halch nWllher "f Ihe
/)1 oduct receIved Il'lIh the numbers contained on tIn \ report
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Carotech 
TESTING 

SAMM NO. 364 

CERTIFICATE OF ANALYSIS 

KOSHER MS~UOZW~ 

TOCOMIN~ SUPRABIO~~ 25% (NON-GMO) 

BIO-ENHANCED NATURAL FULL SPECTRUM TOCOTRIENOL/TOCOPHEROL COMPLEX 25% SUSPENSION 

Our Reference 
COA No. 
Sampling Date 
Released Date 
Manufacturing Date 
Best Before Date 
Batch No. 
Country of Origin 

: Doc I GRAS I 3  
; CSB-SupraBio-04120812 
: 4th December 2008 
: 91h December 2008 
: 4Ih December 2008 
: 3rd December 2010 
: SupraBio/N-C1-041208 
: Malaysia 

1 
2 

3 
4 
5 
6 
7 
8 
9 
10 

Analysis 

*Physical Appearance 
Tocotrienolflocopherol Complex, YO 

d-Gamma Tocotrienol, % 
d-Beta Tocotrienol, % 
&Delta Tocotrienol, % 
d-Alpha Tocotrienol, % 
&Alpha Tocopherol, % 

Moisture (Wl, %) (Karl Fisher) 
*Peroxide Value, rneqlkg 
Plant Squalene, % 
Phytosterols Content, YO 
'Mixed Carotene, % 
*Lead (Pb), ppm 
'Heavy Metals, ppm 
"Total Viable Aerobic Count 

Test Method 

In House Method - CTM-0048/01 

AOCS 5Ih Edition Ca 2e-84 
AOCS !jth Edition Cd 8-53 
In House Method - CTM-0053/00 
In House Method - CTM-0054/00 
In House Method - CTM-0050/00 
AOCS 5Ih Edition Ca 15-75 
AOCS 5Ih Edition Ca 15-75 
BP 2005Nolurne WAppendix XVI B 

Specification Test Results 

Light Amber Suspension 
25.0 Min 25.8 
10.0 - 12.0 10.1 
0.75 Min 1.1 
2.75 - 3.50 3.0 
5.5 - 7.0 6.1 
5.0 - 7.0 5.5 
1 .O Max 0.3 
10.0 Max 1.8 
4.0 Min 7.4 
1.5 Min 5.6 
0.02 Min 0.28 
3.00 Max < 3.0 
10.0 Max 10.0 
1000 dulg Max 10 

11 "Total Combined Molds 8 Yeast Count BP 2005Nolurne IV/Appendix XVI B 100 du/g Max 10 

Certified By ,- 

'? . . . . . . . . . . . . . . . . . . . . 
Ms. Chung Yoke Tying 
Senior Quality Cont ro l  Chemist 
Issued Dale . 16lh June 2009 

This ceriificate shall not be written approval of the Quality Control Department 

Reinarks 
I 
2 
3 

All raniples tested as per received 
Tests marked wtih * iii this report are not SAMM accredited 
1-errs inarked with * *  in this report are SAMM accredited and approved by SAMM sigrratory tor microhtology section 

Page 1 of I 

Carotech
MS ISO/lEe 17025

TESTING
SAMM NO. 364

CERTIFICATE OF ANALYSIS

TOCOMIN® SUPRABIO
H

• 25% (NON-GMO) -IQ
KOSHER

RIO-ENHANCED NATURAL FULL SPECTRUM TOCOTRIENOL/TOCOPHEROL COMPLEX 25% SUSPENSION

Our Reference
COA No.
Sampling Date
Released Date
Manufacturing Date
Best Before Date
Batch No.
Country of Origin

: Doc / GRAS / 3
: CSB_SupraBio_041208/2
: 41h December 2008
: 9th December 2008
: 4th December 2008
: 3'd December 2010
: SupraBlo/N_C1_041208
: Malaysia

Test Results

25.8

10.1

1.1

3.0

6.1

5.5

0.3

1.8

7.4

5.6

0.28

< 3.0

< 10.0

< 10

<10

Light Amber Suspension

Specification

25.0 Min

10.0 -12.0

0.75 Min

2.75-3.50

5.5-7.0

5.0-7.0

1.0 Max

10.0 Max

4.0 Min

1.5 Min

0.02 Min

3.00 Max

10.0 Max

1000 cfu/g Max

100 cfuJ Max

Test Method

In House Method - CTM_0048/01

AOCS 5th Edition Ca 2e-84

AOCS 51h Edition Cd 8-53

In House Method - CTM_0053/00

In House Method - CTM_0054/00

In House Method - CTM_0050/00

AOCS 51h Edition Ca 15-75

AOCS 51h Edition Ca 15-75

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IVIA endix XVI B

mfull. without wrillen approval of/he Quality Control Department

Analysis

1 ·Physical Appearance

2 TocotrienollTocopherol Complex, %

d-Gamma Tocotrienol, %

d-Beta TocotrienoJ, %

d-Delta Tocotrienol, %

d-Alpha TocotrienoJ, %

d-Alpha Tocopherol, %

3 Moisture 0NT, %) (Karl Fisher)

4 "Peroxide Value, meq/kg

5 Plant Squalene, %

6 Phytosterols Content, %

7 "Mixed Carotene, %

8 "Lead (Pb), ppm

9 "Heavy Metals, ppm

10 ·"Total Viable Aerobic Count

11 ""Total Combined Molds & Yeast Count

Ms. Chung Yoke Tymg
Senior Quality Control Chemist
Issued Dale. 16th June 2009

Certified By ,____

\1

Remarks
I All samples tested as per received
2 Tesls marked wllh • JI1 thIS report are not SAM\'! accredltcd

res Is marked with •• JI1 thiS report are SAMM accredited and approved by SAMM signatory tor microbIOlogy section

Page I of 1

117/\ ('t'ro/lrlile 0/ ,Inal)''i/s IS 110/ Lonstrlfed (Jj (/ H'arrant}/ ('u\lomer 1.\ re'ijJonslble to carry aul their DB-'ll analyses necessary to delermme the
lurrabilrr} 0/ the product descnbed abOl·e far the 1I11entled use by the Cl/stomer It IS the customer '.I responsIbility 10 ven{j. the hatch number of the
producf rec?n ed" ,,17 the numbers contained on /hls report

000098



i'% i 
MS ISOllEC 17025 

TESTING 
SAMM NO. 364 

Carotech 
. .  

._ 

%a*- 

-,, 

CERTIFICATE OF ANALYSIS 
I 

T O C O S E M ~ ~  1.5% (NON-GMO) 
KOSHER LIS imxm 

WA TEH SOLUBLE NA TUHAL FULL SPECTRUM TOCOTRIENOL/TOCOPHEROL COMPLEX 1.5% EMULSION 

Our Reference 
COA No. : Tocosem~200808~112 
Sampling Date 
Released Date 
Manufacturing Date 
Best Before Date 
Batch No. : Tocosem-1-200808 
Country Of Origin : Malaysia 

: Doc / GRAS I 1 

: 20th August 2008 
: 26'h August 2008 
: 20th August 2008 
: 1 9'h August 2009 

Analysis 

1 *Physical Appearance 
2 Tocotrienolflocopherol Complex, % 

d-Gamma Tocotrienol, % 
d-Beta Tocotrienol, % 
d-Delta Tocotrienol, % 
d-Alpha Tocotrienol, % 
d-Alpha Tocopherol, % 

3 '"Total Viable Aerobic Count 
4 
5 '*Escherichia coli 
6 *'Salmonella 

**Total Combined Molds 8, Yeast Count 

Test Method Specification Test Results 

Clear Orange-Color Liquid 
In House Method - HPLC-VitE-10 1.48 Min 1.56 

0.5 Min 0.52 
0.05 Min 0.06 
0.3 Min 0.33 
0.3 Min 0.36 
0.28 Min 0.29 

BP 2005Nolume IV/Appendix XVI B 1000 cfu/g Max 10 
BP 2005Nolume IWAppendix XVI 6 100 cfulg Max 10 
BP 2005Nolume IVlAppendix XVI B Absentll g Absent 
BP 2005NoIume IVlAppendix XVI B Absentll Og Absent 

Certified By 
15 

'-? 
, . . . . . . . . . . . , , , . . . . . . 
Ms. Chung Yoke Tying 

lssucd Datc 16Ih Junc 2009 

This ceriiJicnfe sholl nof be reproduced excepf in full, without written approval of the Qualiw Control Department 

Senior Quality Control Chemist 

Remarks 
1 
2 
3 

All samples tested as per received 
I'eals marked with * in this report ore lint SA,VM accredited 
rests marked with * *  in this report are SAMM acereditcd and approved by SAMM sigratory for microbiolol?y section 

Page I of 1 

/his ('eriificaie of Aiidysis is nor crmstnied us u worrunw Customer is responsible 10 curry out their own analyses necessary to 
determine //re suitohdip ofthe product descrihed ubowfor the intended rise by the customer It  IS the customer s responsihi/ily 10 verifi 
the botch number ofthe product received 1t rth the numbers contuined on this report 

. -  - , ,  , -  
, .  , , > - -  I ' - - - ,  _ - -  .~ 

.. " 

CERTIFICATE OF ANALYSIS

Carotech

TOCOSEMT
'1 1.5% (NON-GMO)

~'O"-

IQ
KOSHER

~I(~
!.AS 1500 2004

WATER SOLUBLE NATURAL FULL SPECTRUM TOCOTRIENOurOCOPHEROL COMPLEX 1.5% EMULSION

Clear Orange-Color Liquid

1.48 Min 1.56

0.5 Min 0.52

0.05 Min 0.06

0.3 Min 0.33

0.3 Min 0.36

0.28 Min 0.29

1000 cfu/g Max < 10

100 cfu/g Max < 10

AbsenU1g Absent

AbsenU109 Absent

1

2

3

4
5

6

Our Reference
COA No.
Sampling Date
Released Date
Manufacturing Date
Best Before Date
Batch No.
Country Of Origin

Analysis

·Physical Appearance

TocotrienollTocopherol Complex. %
d-Gamma Tocotrieno/, %

d-Beta Tocotrienol, %
d-Defta Tocotrienol, %
d-Alpha Tocotrienol, %

d-Alpha Tocopherol, %

"·Total Viable Aerobic Count

." Total Combined Molds & Yeast Count

"·Escherichia coli

··Salmonella

: Doc / GRAS /1
: Tocosem 200808 1/2
: 20th August 2008 -
: 26th August 2008
: 20th August 2008
: 19th August 2009
: Tocosem_1_200808
: Malaysia

Test Method

In House Method - HPLC-VitE_1 0

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/Appendix XVI B

Specification Test Results

Certified By
,-,
hi

Ms. Chung Yoke Tying
SenIOr Quality Control Chemist
Issued Date 16th June 2009

~'V. IP0H, ,L:)
'¢ ~

I J' ~Ue.!lty &. 't:!,... ·~crltrol - II
\<?, '~'f::PCirt'-nern '1
~-:-o ¢
~> -.j{:>

""~,,*
This certificate shall not be reproduced except "iiifull. without written approval ofthe Quality Control Department

Remarks
1 All samples tested as per received
2 l'e,t, marked With • In thIS report are not SA\1M accredited
3 rests marked with •• in this report are SAMM accredited and approved by SAMM signatory for microbIOlogy sectIOn

Page 1 of I

IIl1s C'cm(lcate of Analy.l/s IS not comtn,ed as a warranty ClIstomer IS responsible to carry out their own analyses necessary to
determme the sUitabillly of the product descrlhed above for the tntended use by the customer It IS the customer's responslhilily to verify
the hatch nutnher ofthe product receIved H Ith the numbers contatned on tl"s report

000099



Carotech 
TESTING 

SAMM NO. 364 

CERTIFICATE OF ANALYSIS 

'OCOSEM~" 1.5% (NON-GMO) 

Our Reference 
COA No 
Sampling Date 
Released Date 
Manufacturing Date 
Best Before Date 
Batch No. 
Country Of Origin 

: Doc / GRAS I 2  
: Tocosem~090908~1/2 
: 9" September 2008 
: 1 5Ih September 2008 
: gth September 2008 
: 8Ih September 2009 
: Tocosem-1-090908 
: Malaysia 

Analysis Test Method 

*Physical Appearance 
TocotrienollTocopherol Complex, % In House Method - 

CI N-H PLC-VitE-10 
d-Gamma Tocotrienol, % 
d-Beta Tocotrienol, % 
d-Delta Tocotrienol, % 
d-Alpha Tocotrienol, % 
d-Alpha Tocopherol, % 

"Total Viable Aerobic Count 
** Total Combined Molds & Yeast Count 
**Escherichia coli 
**Salmonella 

BP 2005Nolume IV/Appendix XVI B 
BP 2005Nolume IV/Appendix XVI B 
BP 2005Nolume IV/Appendix XVI B 
BP 2005Nolume IV/Appendix XVI B 

Specification Test Results 

Orange Slightly Viscous Liquid 
1.48 Min 1.51 

0.5 Min 
0.05 Min 
0.3 Min 
0.3 Min 
0.28 Min 
1000 dulg Max 
100 du/g Max 
Absent/ 1 g 
AbsenUl Og 

0.50 
0.06 
0.32 
0.35 
0.28 

10 
< 10 
Absent 
Absent 

:rtified By ~ 

s. Chung . Yoke . . . . . . . . . . .  Tying 9 Q : ' hPert,nem 2 

nior Quality Control Chemist 
iued Dale . 16"' June 2009 

lis certificate shall not be reproduced ci 

4' 
m full, without written approval of the Qualiw Control Deparrment 

Remarks 
I 
2 
3 

All samples tested as per received 
Tests marked with * in this report are not SAMM accredited 
rcsts marked with ** in this report are SAMM accredited and approved by SAMM signatory for microbiology section 

Page 1 of I 

/his ('crtifiutr 01. Inolysis IS not ionstrued as u warronty Custonier 1.5 rcspon.~ible t o  curry out their own anubses necessary to 
rleferniuie the suitrrhrliry ojthe product rlescrihrd uhovc /.r the in/erided use by the cirstoiiter It IS the cuslonier 's responsibilir), to verrfv 
the hutch nimihrr of Ihe product received wth the nuinhers m m i t i e d  on this report. 

Carotech
MS ISO/lEe 17025

TESTING
SAMM NO. 364

CERTIFICATE OF ANALYSIS

TOCOSEM™ 1.5% (NON-GMO) •
~
KOSHER MS1SOll2ac.

Orange Slightly Viscous Liquid

1.48 Min 1.51

Our Reference
COANo
Sampling Date
Released Date
Manufacturing Date
Best Before Date
Batch No.
Country Of Origin

Analvsis

1 *Physical Appearance

2 TocotrienolfTocopherol Complex, %

: Doc/GRAS/2
: Tocosem 090908 1/2
: 9th September 2008
: 15th September 2008
: 9th September 2008
: 8th September 2009
: Tocosem_1_090908
: Malaysia

Test Method

In House Method 
CIN_HPLC_VitE_10

Specification Test Results

3
4

5
6

d-Gamma Tocotrienol, %

d-Beta Tocotrienol, %
d-Delta Tocotrienol, %

d-Alpha Tocotrienol, %

d-Alpha Tocopherol, %

**Total Viable Aerobic Count

*' Total Combined Molds & Yeast Count

*'Escherichia coli

**Salmonelfa

-

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/Appendix XVI B

0.5 Min

0.05 Min

0.3 Min

0.3 Min

0.28 Min

1000 cfu/g Max

100 cfu/g Max

Absentl1g

Absentl10g

0.50

0.06

0.32

0.35

0.28

<10

<10

Absent

Absent

Certified By r-, y;-\)' WOH, ,o~

l~1' :;,;;-<Q Q~: ~
Ms. Chun~ Yok'e T~;~~ .. fi~' 1"'\.Com::t -~ II

- ~ I- V'iiiPertmerrt i!:Senior Quality Control Chemist 0, . ~
I 0-. -..

Issued Date. 16" June 2009 ':0 '-4'c,'r"

*This certificate shall not be reproduced ex'"'7!ijJr'm full, without written approval ofthe Quality Control Department

Rcmarks
I All samples tested as per received
2 Tests marked with • In thiS report are not SAMM accredited
J fests markcd with •• In thiS report are Si\:vtM accredited and approved by SAMM slgrntory for microbiology section

Page I of I

IllIs CerlifiLat~ 0/ .Inaly"s IS nol constmed as a warranty C/lstomer 1.\ re.lpon.lible to carry out their own analyses necessary to
derermme the .Iullahliily ofthe product descrlhed ahove for the IfItended /lie hy the c/lstomer It IS the c/lstomer's responslblltty to verify
the batch n/lmber of the product received 1I'lIh the n/lmhers wn/amed on rillS report.

000100



Carotech 
TESTING 

SAMM NO. 364 

CERTIFICATE OF ANALYSIS 

T O C O S E M ~ ~  1.5% (NON-GMO) =@ 
KOSHER MS 1mm4 

WATER SOLUBLE NATURAL FULL SPECTRUM TOCOTRIENOUTOCOPHEROL COMPLEX 1.5% EMULSION 

Our Reference 
COA No. 
Sampling Date 
Released Date 
Manufacturing Date 
Best Before Date 
Batch No. 
Country Of Origin 

. Doc I GRAS 13 
: Tocosem~050109~111 
: 5Lh January 2009 
: 10Ih January 2009 
: 5' January 2009 
: 4ih January 2010 
: Tocosem~1~050109 
: Malaysia 

Analvsis Test Method SDecification Test Results 

1 *Physical Appearance Clear Orange-Color Liquid 
2 Tocotrienolflocopherol Complex, % In House Method - HPLC-VitE-10 1.48 Min 1.52 

d-Gamma Tocotrienol, % 0.5 Min 0.51 
d-Seta Tocotrienol, % 0.05 Min 0.06 
d-Delta Tocotrienol, % 0.3 Min 0.32 
d-Alpha Tocotrienol, % 0.3 Min 0.35 
d-Alpha Tocopherol, % 0.28 Min 0.28 

3 "Total Viable Aerobic Count BP 2005Nolume IV/Appendix XVI B 1000 du/g Max c 10 
4 ** Total Combined Molds 8 Yeast Count BP 2005Nolume IV/Appendix XVI B 100 cfu/g Max 10 
5 "Escherichia coli BP 2005Nolume IV/Appendix XVI B Absentllg Absent 
6 '*Salmonella BP 2005Nolume IV/Appendix XVI B AbsenVlOg Absent 

. ..... . . .  ........ ...... .... . .... 
Ms. Chung Yoke Tying 
Senior Quality Control Chemist 
Issued Date 16'h June 2009 

This ceriificaie shdl  no! he reproduced evcep! in full, wiihoui wriiien approval ojihe Quality Con!rol Departmen! 

Remarks 
I 
2 
3 

All ramples tested ar per received 
Tests marked with * in this rcport are not SAMM accredited 
l'csts markcd with * *  in this report :ire SAMM accredited and approved by SAMM sigwtory for microbiology section 

page I or  I 

Thrs ('erti/,cure o/ 4nolysis is not construed as a wurrunty Customer i s  responsible to curry out their own analpes necessary io 
determine {he suitability ofthe product descrihed above /or the intended use hy the customer It is the customer's responsibility to verifv 
the hatch iiiiniber ojthp prodiicl received with rhe numhers contained on this report 

'I.,,? I. . i _ - ,  
- r 

, I ' ,  
. .  

, - , , - ' . .  * , -  I ,- , ,~ , / ,  'L'?:,, . _ : , . ,  ,,>1 W , ' ,  , , .,. . 7 - t  . , _ / .  
.. 

. .  , I .  :- - , ', , 1 .  , . - .  
~. .,, , 

1 , ,  

MS ISOllEe 17025
TESTING

SAMM NO. 364

CERTIFICATE OF ANALYSIS

'- -~ '- .-

TOCOSEM™ 1.5% (NON-GMO) •IG
KOSHER

r.~
~
MS 1500 2004

WATER SOLUBLE NATURAL FULL SPECTRUM TOCOTRIENOLITOCOPHEROL COMPLEX 1.5% EMULSION

Clear Orange-Color Liquid

1.48 Min 1.52

0.5 Min 0.51

0.05 Min 0.06

0.3 Min 0.32

0.3 Min 0.35

0.28 Min 0.28

1000 cfu/g Max < 10

100 cfu/g Max < 10

AbsenU1g Absent

AbsenU10g Absent

1

2

3
4

5

6

Our Reference
COA No.
Sampling Date
Released Date
Manufacturing Date
Best Before Date
Batch No.
Country Of Origin

Analysis

*Physical Appearance

TocotrienollTocopherol Complex, %

d-Gamma Tocotrieno/, %

d-Beta Tocotrieno/, %

d-Delta Tocotrieno/, %
d-Alpha Tocotrieno/, %

d-Alpha Tocopherol, %

**Total Viable Aerobic Count

** Total Combined Molds & Yeast Count
**Escherichia coli

**Salmonella

. Doc / GRAS / 3
: Tocosem 050109 1/1
: 5th January 2009 -
: 10th January 2009
: 5th January 2009
: 4th January 2010
: Tocosem_1_050109
: Malaysia

Test Method

In House Method - HPLC-VitE_10

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/Appendix XVI B

Specification Test Results

~
.\?OH,P~

Certified By """ ~.~.£ '\

• "Y Que!1ty .:- \\
"1 I(j c-·...t--;,' :: I,_, ._, _ f

UJ
\.,.., l' I ,:.. ;;

Ms. Chung Yoke Tying \I. v \ (,l€,:ar:msnt L- j
Senior Quality Control Chemist ~-::'\.. :f:;'o'j
Issued Date 16th June 2009 ~" "ff..~__~,=-=_A
This certificate .~haJl not be reproduced except inJull, without written approval ofthe Quality Control Department

Remarks
I All 'ampies tested a, per received
2 Tests marked with • ITl this report are not SAMM accredIted
3 Tests marked with •• In this report arc SAMM accredited and approved by SAMM signatory for microbIOlogy section

Page I of I

TillS Certificate of .Inalysls IS not construed as a warranty Customer /.\ re.I/Jon."ble 10 carry out their own analyses necessary 10

determine the slIItabillty of the product described above for the Intended use by the customer It IS the customer's responsibility to verify
the halch number ofthe product received "'th the numbers contained on thiS report

: -<,'
. I -, ,: ~_
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MS ISOllEC 17025 
TESTING 

SAMM NO. 364 

Carotech 

CERTIFICATE OF ANALYSIS 

T O C O B E A D S ~ ~  7.5% (NON-GMO) 

IVA TURAL FULL SPECTRUM TOCOTRIENOUTOCOPHEROL COMPLEX 7.5% BEADLETS 

Our Reference 
COA No. 
Sampling Date 
Released Date 
Manufacturing Date 
Best Before Date 
Batch No. 
Country Of Origin 

: Doc I GRAS I 1 
: Tocobeads_l5-311208-1/2 
: 31" December 2008 
: 5" January 2009 
: 31 December 2008 
: 30th December 2010 
: Tocobeads~1~311208 
' Malaysia 

1 
2 

3 
4 
5 
6 
7 
8 

Analysis 

*Physical Appearance 
Tocotrienolfrocopherol Complex, % 

d-Gamma Tocotrienol, % 
d-Beta Tocotrienol, % 
d-Delta Tocotrienol, % 
d-Alpha Tocotrienol, % 
d-Alpha Tocopherol, % 

Moisture Content, % 
"'Total Viable Aerobic Count 
** Total Combined Molds & Yeast Count 
**Coliform Count 
"Escherichia coli 
'*Salmonella 

Test Method 

In House Method - CTM-0011/04 

Karl Fischer Method 
BP 2005Nolurne IV/Appendix XVI 6 
BP 2005Nolume WAppendix XVI B 
BP 2005Nolume IV/Appendix XVI B 
BP 2005Nolume IV/Appendix XVI B 
BP 2005Nolume WAppendix XVI B 

SDecification Test Results 

Slight Orange Beadlets 
7.5 Min 7.52 
3.0-3.6 3.05 
0.15 Min 0.34 
0.8 - 1.05 0 89 
1.65 - 2.10 1.66 
1.5 -2.1 1.58 
8.0 Max 4.8 
1000 dulg Max 10 
100 du/g Max e 10 

Absenff 1 g Absent 
AbsenfflOg Absent 

1 cfu/g Max c 1  

CertifiedBy ~ 

. . . . . . . . . . b-? .... . 
A4s Chung Yoke Tying 

Issued Date . 16Ih June 2009 
Senior Quality Control Chcrnist 

This ceriifjcate shall not be written approval of the Quality Control Department 

Kemarks 
1 
2 
3 

All <aiiiples terted as per received 
rests rnarkcd with * in this report are not S A M M  accredited 
Tots  marked with * *  in this report are S A M M  accredited and approvcd by S A M M  sigmlory for microbidog section 

Page I of 1 
,%is ( 'cjr/i/;u,/v of 4nulJ~sis is not consrnred us CI ii'urrrinp C'rislomer IJ responsible IO Larry ou1 heir own uilalyses necessary to 
detertrtiite h e  sii i tuhil ip ofthe prodtrct described above fur [he inrendrd rise by the cilstonier 11 IS the cuslonier 's responsibility 10 vrrib 
[he hatch nlrrnhrr 01 [he prodirct r iwrvc~ l  ivith [lie twinhers miturned at7 this report 

Carotech
MS (SOllEe 17025

TESTING
SAMM NO. 364

CERTIFICATE OF ANALYSIS

TOCOBEADS™ 7.5% (NON-GMO)
.~.
IQ
KOSHER
~
'"

> .
\ .....
MS 15002OQ.t

iVA TURAl FULL SPECTRUM TOCOTRIENOUTOCOPHEROl COMPLEX 7.5% BEADLETS

Slight Orange Beadlets1

2

3
4

5
6

7
8

Our Reference
COA No.
Sampling Date
Released Date
Manufacturing Date
Best Before Date
Batch No.
Country Of Origin

Analysis

·Physical Appearance

TocotrienollTocopherol Complex, %

d-Gamma Tocotrienol, %
d-Beta Tocotrienol, %

d-Delta Tocotrienol, %

d-Alpha Tocotrienol, %

d-Alpha Tocopherol, %

Moisture Content, %

··Total Viable Aerobic Count

•• Total Combined Molds & Yeast Count

··Coliform Count

··Escherichia coli

**Salmonella

: Doc / GRAS /1
: Tocobeads 15-311208 1/2
: 31 sl December 2008 -
: 5th January 2009
: 31 sl December 2008
: 30lh December 2010
: Tocobeads_1_311208
. Malaysia

Test Method

In House Method - CTM_0011/04

Karl Fischer Method

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/Appendix XVI B

Specification

7,5 Min

3.0-3.6

0.15 Min

0.8 -1.05

1.65-2.10

1.5-2.1

8.0 Max

1000 cfu/g Max

100 cfu/g Max

1 cfu/g Max

Absent/1g

Absent/10g

Test Results

7.52

3.05

0.34

089

1.66

1.58

4.8

< 10

<10

< 1

Absent

Absent

Certified By :i).WOH, ,o~
. <:o~ ~~

"1' r~ Qt~llty \rr- '..... .. .. .. ... CG' COntrol 7- .~

:-'15 Chung Yoke Tying \- D<.::~artffi6nt .' .;
Senior Quality Control ChemIst ~~ .:: !
b,ued Date. 16th .Iune 2009 \{o .,~/../-J

~~--=:_f'
This certificate !.hall not be reproduced exceprrnfull. without written approval ofthe Quality Control Department

Remarks
I All ,ample, te'1ed as per received
2 rest> marked wJlh • In thl' report are nul SAMM accredIted

Te,ts marked WJlh •• In till' report are SAMM accredited and approwd by SAMM slgmlory for microbIOlogy section

Page I of I

/1m ('"rllllwl" o( ~nal)'s" IS not constmed I1S a warranty C/I.\tomer 1.\ respOll.llble 10 Larry out Ihelr oun analyses necessary to
deter/ll/lle 'he slillabliity of the prodllct described above (or the Intended lise by the cllstomer IllS the customer's responsibility to verifj;
Ihe halGh nll/llher oj Ihe prodllct received with the nli/llbers <Of/tamed on tllIS report
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MS ISOKC 17025 
TESTING 

SAMM NO. 364 

Carotech 

CERTIFICATE OF ANALYSIS 

KOSHER ~ s 1 5 o o x a ~  

TOCOBEADS~" 7.5% (NON-GMO) 

NATURAL FULL SPECTRUM TOCOTRIEIVOL~TOCOPHEROL COMPLEX 7.5% BEADLETS 

Our Reference 
COA No. 
Sampling Date 
Released Date 
Manufacturing Date 
Best Before Date 
Batch No. 
Country Of Origin 

: Doc I GRAS 12 
: CT T7507807PB 12 
: 1 2lF August 2008 
: 17'h August 2008 
: 1 2'h August 2008 
: 11" August 2010 
: Tocobeads~l~l20808 
: Malaysia 

Analysis 

'Physical Appearance 
Tocotrienol/Tocopherol Complex, % 

d-Gamma Tocotrienol, % 
d-Beta Tocotrienol, % 
d-Delta Tocotrienol, % 
d-Alpha Tocotrienol, % 
d-Alpha Tocopherol, % 

Moisture Content, % 
**Total Viable Aerobic Count 
** Total Combined Molds 8 Yeast Count 
**Coliform Count 
"Escherichia coli 
"Salmonella 

Test Method 

In House Method - CTM-0011104 

Karl Fischer Method 
BP 2005Nolume IVlAppendix XVI B 
BP 2005Nolume IVlAppendix XVI B 
BP 2005Nolume IV/Appendix XVI B 
BP 2005Nolume IV/Appendix XVI B 
BP 2005Nolume IVlAppendix XVI B 

SDecification Test Results 

Slight Orange Beadlets 
7.5 Min 7.62 
3.0-3.6 3.10 
0.15 Min 0.34 
0.8 - 1.05 0.90 
1.65 - 2.10 1.68 
1.5 - 2.1 1.60 
8.0 Max 5.0 
1000 dulg Max < 10 
100 cfulg Max < 10 

Absentll g Absent 
Absentll Og Absent 

1 cfulg Max < 1  

Kemarks 
I 
2 
3 

All Tamples tested as per received 
Tests marked with * in this report are not S A M M  accredited 
Tests marked with * *  in this rcport are Y A M M  accredited and approved by SAMM signatory for microbiology section 

Page I of 1 

I h r J  ( i , r / i / i<utv  il/ , l ~ w l ~ \ i , >  I S  1101 L~ori,>trued us u ~iurraiiry C'iistomer is responsible to carq.  out their own unolyses ncceswry to determine the 
,siiitobili/y of the prodirct descrihed ahme for rhe intended iise by the customer it I S  the cristumer'~ re.spon.\rhili~ to verify !lie batch number of the 
product received 11 rrh the nymbers con74me(! on this r e p r ! .  - 

, ~' 
\ . j  

I .  - . ,  - 

Carotech
MS ISOIIEe 17025

TESTING
SAMMNO.364

CERTIFICATE OF ANALYSIS

TOCOBEADS™ 7.5% (NON-GMO) Ia
KOSHER

NATURAL FULL SPECTRUM TOCOTRIENOLITOCOPHEROL COMPLEX 7.5% BEADLETS

Slight Orange Beadlets1

2

3

4

5

6

7

8

Our Reference
COA No.
Sampling Date
Released Date
Manufacturing Date
Best Before Date
Batch No.
Country Of Origin

Analysis

'Physical Appearance

TocotrienollTocopherol Complex. %

d-Gamma Tocotrienol, %

d-Beta Tocotrienol, %

d-Delta Tocotrienol, %

d-Alpha Tocotrienol, %

d-Alpha Tocopherol, %
Moisture Content, %

"Total Viable Aerobic Count

•• Total Combined Molds & Yeast Count

"Coliform Count

"Escherichia coli

"Salmonella

: Doc / GRAS /2
: CT T75-07807PB /2
: 1in August 2008
: 1i h August 2008
: 1i h August 2008
: 11 th August 2010
: Tocobeads_1_120808
: Malaysia

Test Method

In House Method - CTM_0011/04

Karl Fischer Method

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/Appendix XVI B

BP 2005Nolume IV/Appendix XVI B

Specification

7.5 Min

3.0-3.6

0.15 Min

0.8 -1.05

1.65 -2.10

1.5 -2.1

8.0 Max

1000 cfu/g Max

100 cfu/g Max

1 cfu/g Max

AbsenU1g

AbsenU10g

Test Results

7.62

3.10

0.34
0.90

1.68

1.60

5.0

<10

< 10

< 1

Absent

Absent

\~OH, p~
Certified By "> ~<:). <.~

t<i .., Quality 'i'.................. ................. ,.i3 Control ~
Ms Chung Yoke TyIng ~ Department .t"
Senior Quality Control ChemIst % e-,T
Issued Date' 16'h June 2009 '0 ~"

*Tllis certificate shall not be reproduced except inJu//, without written approval of/he Quality Control Department

Remark,
I All ,amples tested as per receIved
2 Te,ts marked With • In thIs report are not SAMM a"red,ted
J Te,ts marked with" In tim report arc <;.\M:\1 accredited and approved by SA\1M slgmtory for microbiology scellon

Page I of I

Ow (',,"/1//(1(1' of ./l1ul} 1/.1 1.1 nol c·o!l.llrued as a Harranty Cuslomer IS responSible 10 carry alii Ihelr own analyses necessary 10 delermlne Ihe
.IUllabillty 0/ Ihe produci descrlhed ahove for Ihe mlended use by Ihe cuslomer II 1.\ Ihe customer's respol1.lIhil,ty 10 verify Ihe balch number of the
produci recelwd wllh Ihe n"mbers conjq!ne<i (JIl/I"s reporl.
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Carotech 
TESTING 

SAMM NO. 364 

CERTIFICATE OF ANALYSIS 

T O C O B E A D S ~ ~  7.5%  ON-GMO) 

NATURAL FULL SPECTRUM TOCOTRIENOUTOCOPHEROL COMPLEX 7.5% BEADLETS 

Our Reference 
COA No. 
Sampling Date 
Released Date 
Manufacturing Date 
Best Before Date 
Batch No. 
Country Of Origin 

: Doc / GRAS I 3  
: Tocobeads-I 5-1 70209~111 
: 1 7'h February 2009 
: 22nd February 2009 
: 1 7'h February 2009 
: 16" February 2011 
:Tocobeads~1~170209 
: Malaysia 

1 
2 

3 
4 
5 
6 
7 
8 

Analvsis 

*Physical Appearance 
Tocotrienolflocopherol Complex, % 

d-Gamma Tocotrienol, % 
d-Beta Tocotrienol, % 
d-Delta Tocotrienol, % 
d-Alpha Tocotrienol, % 
d-Alpha Tocopherol, % 

Moisture Content, % 
"Total Viable Aerobic Count 
** Total Combined Molds & Yeast Count 
"Coliform Count 
'"Escherichia coli 
**Salmonella 

Test Method 

In House Method - CTM~0011104 

Karl Fischer Method 
BP 2005Nolurne IVlAppendix XVI 6 
BP 2005Nolume IV/Appendix XVI 6 
BP 2005Nolume IV/Appendix XVI B 
BP 2005Nolume IV/Appendix XVI B 
BP 2005Nolurne IV/Appendix XVI B 

Specification Test Results 

Slight Orange Beadlets 
7.5 Min 7.61 
3.0-3.6 3.09 
0.15 Min 0.34 
0.8 - 1.05 0.90 
1.65 - 2.10 1.68 
1.5-2.1 1.60 
8.0 Max 4.5 
1000 cfulg Max 10 
100 dulg Max < 10 
1 cfulg Max < I  
Absentllg Absent 
Absentll Og Absent 

Certified By 
r? 

, . . .  iq ... 
Ms Chung Yoke Tying 
Senior Quality Control Chemist 
Issued Dale . 1 6 I h  June 2009 

This certijicate shall not be written approval ofthe Quarig Control Department 

Remarks 
I 
2 
3 

,111 mi ip les  tetied ns per received 
Ic,ts marked with * in t h  report arc not SAMM accredited 
rssts inarhcd with * *  in t h i s  report arc SAMM accredited and approved by SAMM sigilatory for rnicroblology section 

Page 1 of I 
lhis  ('trtificote o f .  I i ru lv~ is  1.5 not comtrued as a ivarranp Ciislomer is responsrble Io carry out their own anahires necessary Io 
derernivie the milability of the product described abovejor the intended iise by /he customer I t  is the ciistomer 's responsibility to verifV 
the botch niiniher oflhr prodiict received ivirh the 17irmber.s contained on /his report 

MS ISOIIEe 17025
TESTING

SAMM NO. 364

CERTIFICATE OF ANALYSIS

~• (:~'.
TOCOBEADS™ 7.5% (NON-GMO) IQ \ .....,

KOSHER lotS lSOC 2aa.

NATURAL FULL SPECTRUM TOCOTRJENOLITOCOPHEROL COMPLEX 7.5% BEADLETS

Our Reference : Doc / GRAS /3
COA No. : Tocobeads 15-170209 1/1
Sampling Date : 1i h February 2009 -
Released Date : 22nd February 2009
Manufacturing Date : 1i h February 2009
Best Before Date : 16th February 2011
Batch No. : Tocobeads_1_170209
Country Of Origin : Malaysia

Analysis Test Method Specification Test Results

1 ·Physical Appearance Slight Orange Beadlets

2 TocotrienollTocopherol Complex, % In House Method - CTM_OO11/04 7.5 Min 7.61

d-Gamma Tocotrienol, % 3.0-3.6 3.09

d-Beta Tocotrienol, % 0.15 Min 0.34

d-Delta Tocotrienol, % 0.8-1.05 0.90

d-Alpha Tocotrienol, % 1.65-2.10 1.68

d-Alpha Tocopherol, % 1.5 - 2.1 1.60

3 Moisture Content, % Karl Fischer Method 8.0 Max 4.5

4 ··Total Viable Aerobic Count BP 2005Nolume IV/Appendix XVI B 1000 cfu/g Max < 10

5 •• Total Combined Molds & Yeast Count BP 2005Nolume IV/Appendix XVI B 100 cfu/g Max < 10

6 ··Coliform Count BP 2005Nolume IV/AppendiX XVI B 1 cfu/g Max < 1

7 ··Escherichla coli BP 2005Nolume IV/Appendix XVI B Absenti1g Absent

8 ··Salmonella BP 2005Nolume IV/Appendix XVI B Absenti10g Absent

-
Certified By ~/ ~\iOH.-.o~.

'"'" ..~ ~~'. I/r~ '1'-\,
\;:t r' QI tel~ - \1. ... ... ... p:.,. _1\

Ms Chung Yoke TYing \ c.: Cof1t,'C! :t;.J
., . W D-3 artment ,...

Senior Quality Control Chemist '0 p ~
bsued Dale' 16th June 2009 ~i ~C-ioJ

'-: *
j This certificate shall not be reproduced exCifjffinfull, without written approval ofthe Quality Control Department
II .

Remarks
I ,\11 'dmple, le~led as per received
2 rc,t, marked wnh • In tim report arc nol SAMM accredited
3 r l.:'-It5 mar""~d with •• In thl~ report arc "iArY1V1 accredited and approved by SAMM slgl'Btory for mIcrobIOlogy section,

Page I of I
II11S ('erll(imle of .lnalVlIS 1.1 nol COll.llrlled as a warranty ellslomer IS responsible 10 carry 0111 Ihelr own analyses necessary 10
deler".me the slIllahllity of Ihe prodlicl described above for Ihe tnlended lise hy Ihe clIslomer illS the clIslomer's responslbrlily 10 ,'erlfy
Ihe barch IIIlmher ofIhe prodllcl received wilh the nllmbers conlamed on thiS reporl

000104



Pages 000105-000110 removed under the Privacy Act of 1974.  



S h e  Darby Bioganic Sdn Bhd, 

c/o Golden Jomalina Food Industries Sdn Bhd 
9Ih Mile, Jalan Klang-Banting, 
42500 Telok Panglima Garang Industrial Estate, 
Kuala Langat, Selangor Darul Ehsan, Malaysia 
Tel 603-31226301&603-31226211 
Fax 603-3 1220782 
Email bioganic@simedarby corn 

I 

I1 

111 

IV 

V 

VI 

VI I 

Vlll 

Product Specifications 
Bio Tri.E 20 

Definition 

Bio Tri.E 20 is an emulsion of tocotrienols and tocopherols of palm fruit (Elaeis Guineensis) origin 

Description 

Bio Tri.E 20 is an amber viscous liquid Vitamin E containing minimum 20% of tocotrienols and 
tocopherols. 

Product Use 

Dietary supplements, nutraceuticals, functional food ingredients and cosmeceuticals. 

Physical Properties 

1. Appearance and Color 
2. Odor and Taste 
3. Solubility 
4. Moisture content (%) 
5. Acid Value, AV (mgKOH/g) 
6. Peroxide Value, (meq/kg) 

Microbial Properties 

1. Total Plate Count 
2. Coliforms 

Composition 

Total Tocols (Tocotrienols and Tocopherol): 

*Typical ratio in tocols 
Total tocotrienols 
Total tocopherols 

Actual composition as per CoA 

Packaging and Storage 

1, 5, 10, 20 kg in Aluminium canister 

amber liquid 
bland/Neutral 
soluble in oil 
not more than 1.0 
not more than 5 
not more than 10.0 

not more than 3000 cfu/g 
negative/g 

200 mglg min 

75% 
25% 

Store in cool and dry place; Recommended at 20 OC. Protect from light and moisture. 

Shelf life 

18 months in original unopened container 
12 - 15 months in opened container. 

Sime Darby Bioganic Sdn Bhd,

c/o Golden Jomalma Food [ndustrles Sdn Bhd
9'h Mile, Jalan Klang-Bantmg,
42500 Telok Panghma Garang [ndustrla[ Estate,
Kuala Langat, Selangor Darul Ehsan, MalaysIa
Tel 603-3122630[& 603-3 [226211
Fax 603-31220782
EmaIl blogaOlc@slmedarby com

Product Specifications
Bio Tri.E 20

Definition

Bio Tri. E 20 is an emulsion of tocotrienols and tocopherols of palm fruit ( Elaeis Guineensis) origin

II Description

Bio Tri. E 20 is an amber viscous liquid Vitamin E containing minimum 20% of tocotrienols and
tocopherols.

11/ Product Use

Dietary supplements, nutraceuticals, functional food ingredients and cosmeceuticals.

IV Physical Properties

1. Appearance and Color
2. Odor and Taste
3. Solubility
4. Moisture content (%)
5. Acid Value, AV (mgKOH/g)
6. Peroxide Value, (meq/kg)

V Microbial Properties

1. Total Plate Count
2. Coliforms

VI Composition

Total Tocols (Tocotrienols and Tocopherol):

*Typical ratio in tocols
Total tocotrienols
Total tocopherols

Actual composition as per CoA

VII Packaging and Storage

amber liquid
bland/Neutral
soluble in oil
not more than 1.0
not more than 5
not more than 10.0

not more than 3000 cfu/g
negative/g

200 mg/g min

75%
25%

VIII

1, 5, 10, 20 kg in Aluminium canister
Store in cool and dry place; Recommended at 20 ac. Protect from light and moisture.

Shelf life

18 months in original unopened container
12 - 15 months in opened container.
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II 

111 

IV 
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VI 

VI1 

Vlll 

Sime Darby Bioganic Sdn Bhd, 

c/o Golden Jomalina Food Industries Sdn Bhd 
9Ih Mile, Jalan Klang-Banting, 
42500 Telok Panglima Garang Industrial Estate, 
Kuala Langat. Selangor Dam1 Ehsan, Malaysia 
Tel . 603-3 I22630 I & 603-3 12262 I I 

Email : bioganick7Jsimedarby.com 
Fax 603-3 1220782 

Product Specifications 
Bio Tri.E 30 

Definition 

Bio Tri.E 30 is an emulsion of tocotrienols and tocopherols of palm fruit (Haeis Guineensis) origin. 

Description 

Bio Tri.E 30 is an amber viscous liquid Vitamin E containing minimum 30% of tocotrienols and 
tocopherols. 

Product Use 

Dietary supplements, nutraceuticals, functional food ingredients and cosmeceuticals. 

Physical Properties 

1. Appearance and Color 
2. Odor and Taste 
3. Solubility 
4. Moisture content (%) 
5. Acid Value, AV (mgKOH/g) 
6. Peroxide Value, (meq/kg) 

Microbial Properties 

1. Total Plate Count 
2. Coliforms 

Composition 

Total Tocols (Tocotrienols and Tocopherol): 

*Typical ratio in tocols 
Total tocotrienols 
Total tocopherols 

amber viscous liquid 
bland/Neutral 
soluble in oil 
not more than 1.0 
not more than 5 
not more than 10.0 

not more than 3000 cfu/g 
negative/g 

300 rnglg rnin 

75% 
25% 

Actual composition as per CoA 

Packaging and Storage 

1, 5, 10, 20 kg in Aluminium canister 
Store in cool and dry place; Recommended at 20 OC. Protect from light and moisture. 

Shelf life 

18 months in original unopened container 
12 - 15 months in opened container 

•
Definition

Product Specifications
Bio TrLE 30

Sime Darby Bioganic Sdn Bhd,

c/o Golden Jomahna Food Industries Sdn Bhd
9th Mile, Jalan Klang-Banting,
42500 Telok Panglima Garang Industnal Estate,
Kuala Langat, Selangor Darul Ehsan, MalaysIa
Tel. 603-31226301& 603-31226211
Fax 603-31220782
Email: bioganic@simedarby.com

Sio Tri. E 30 is an emulsion of tocotrienols and tocopherols of palm fruit ( Elaeis Guineensis) origin.

II Description

Sio Tri.E 30 is an amber viscous liquid Vitamin E containing minimum 30% of tocotrienols and
tocopherols.

III Product Use

Dietary supplements, nutraceuticals, functional food ingredients and cosmeceuticals.

IV Physical Properties

1. Appearance and Color
2. Odor and Taste
3. Solubility
4. Moisture content (%)
5. Acid Value, AV (mgKOH/g)
6. Peroxide Value, (meq/kg)

V Microbial Properties

1. Total Plate Count
2. Coliforms

VI Composition

Total Tocols (Tocotrienols and Tocopherol):

*Typical ratio in tocols
Total tocotrienols
Total tocopherols

Actual composition as per CoA

VII Packaging and Storage

amber viscous liquid
bland/Neutral
soluble in oil
not more than 1.0
not more than 5
not more than 10.0

not more than 3000 cfu/g
negative/g

300 mg/g min

75%
25%

1, 5, 10, 20 kg in Aluminium canister
Store in cool and dry place; Recommended at 20 ac. Protect from light and moisture.

VIII Shelf life

18 months in original unopened container
12 - 15 months in opened container

000112



I 

II 

111 

IV 

‘i. 

V 

VI 

VI1 

Vlll 

$m& 

Sime Darby Bioganic Sdn Bhd, 

c/o Golden Jomalina Food Industries Sdn Bhd 
9Ih Mile. Jalan Klang-Banting, 
42500 Telok Panglima Garang Industrial Estate. 
Kuala Langat, Selangor Darul Ehsan, Malaysia. 
Tel 603-312263018~ 603-3122621 1 

Email , bioganic@simedarby corn 
Fax .603-3 1220782 

Product Specifications 
Gold Tri.E 30 

Definition 

Gold Tri.E 30 contains a mixture of tocotrienols and tocopherols liquid extracted from palm fruit ( Elaeis 
Guineensis ) 

Description 

Gold Tri.E 30 is an amber viscous liquid Vitamin E containing minimum 30% of tocotrienols and 
tocopherols. 

Product Use 

Dietary supplements, nutraceuticals, functional food ingredients and cosmeceuticals. 

Physical Properties 

1. Appearance and Color 
2. Odor and Taste 
3. Solubility 
4. Moisture content (Oh) 
5. Acid Value, AV (mgKOH/g) 
6. Peroxide Value, (meq/kg) 

Microbial Properties 

1. Total Plate Count 
2. Coliforms 

Composition 

Total Tocols (Tocotrienols and Tocopherol): 

*Typical ratio in tocols 
Total tocotrienols 
Total tocopherols 

amber liquid 
bland/Neutral 
soluble in oil 
not more than 1 .O 
not more than 5 
not more than 10.0 

not more than 3000 cfu/g 
negative/g 

300 mglg min 

75% 
25% 

Actual composition as per CoA 

Packaging and Storage 

1, 5, 10, 20 kg in Aluminium canister 
Store in cool and dry place; Recommended at 20 OC. Protect from light and moisture 

Shelf life 

3 years in original packing at recommended storage conditions 

•
Definition

Product Specifications
Gold TrLE 30

Sime Darby Bioganic Sdn Bhd,

c/o Golden Jomalina Food Industnes Sdn Bhd
9th Mile, Jalan Klang-Banting,
42500 Telok Panghma Garang Industrial Estate,
Kuala Langat, Selangor Darul Ehsan, MalaysIa.
Tel 603-31226301&603-31226211
Fax. 603-31220782
Email. bloganic@simedarby com

Gold TrLE 30 contains a mixture of tocotrienols and tocopherols liquid extracted from palm fruit (Elaeis
GUineensis)

II Description

Gold TrLE 30 is an amber viscous liquid Vitamin E containing minimum 30% of tocotrienols and
tocopherols.

III Product Use

Dietary supplements, nutraceuticals, functional food ingredients and cosmeceuticals.

IV Physical Properties

1. Appearance and Color
2. Odor and Taste
3. Solubility
4. Moisture content (%)
5. Acid Value, AV (mgKOH/g)
6. Peroxide Value, (meq/kg)

V Microbial Properties

1. Total Plate Count
2. Coliforms

VI Composition

Total Tocols (Tocotrienols and Tocopherol):

*Typical ratio in tocols
Total tocotrienols
Total tocopherols

Actual composition as per CoA

VII Packaging and Storage

amber liquid
bland/Neutral
soluble in oil
not more than 1.0
not more than 5
not more than 10.0

not more than 3000 cfu/g
negative/g

300 mg/g min

75%
25%

VIII

1, 5, 10, 20 kg in Aluminium canister
Store in cool and dry place; Recommended at 20°C. Protect from light and moisture.

Shelf life

3 years in original packing at recommended storage conditions

000113



S h e  Darby Bioganic Sdn Bhd, 

Product Specifications 
Gold Tri.E 50 

I 

II 

111 

IV 

V 

VI 

VI1 

Vlll 

c/o Golden Jomalina Food Industries Sdn Bhd 
9Ih Mile, Jalan Klang-Banting, 
42500 Telok Panglima Garang Industrial Estate. 
Kuala Langat. Selangor Darul Ehsan. Malaysia. 
Tel ' 603-312263018~ 603-3122621 I 

Email : bioganic@simedarby.com 
F a  ' 603-3 1220782 

Definition 

Gold Tri.E 50 contains a mixture of tocotrienols and tocopherols liquid extracted from palm fruit ( Elaeis 
Guineensis ) 

Description 

Gold Tri.E 50 is an amber viscous liquid Vitamin E containing minimum 50% of tocotrienols and 
tocopherols. 

Product Use 

Dietary supplements, nutraceuticals, functional food ingredients and cosmeceuticals. 

Physical Properties 

1. Appearance and Color amber liquid 
2. Odor and Taste blandlNeutral 
3. Solubility soluble in oil 
4. Moisture content (%) not more than 1.0 
5. Acid Value, AV (mgKOH/g) not more than 5 
6. Peroxide Value, (meqlkg) not more than 10.0 

Microbial Properties 

1. Total Plate Count not more than 3000 cfu/g 
2. Coliforms negativelg 

Composition 

Total Tocols (Tocotrienols and Tocopherol): 500 mg/g min 

*Typical ratio in tocols 
Total tocotrienols 75% 
Total tocopherols 25% 

Actual composition as per CoA 

Packaging and Storage 

1, 5, 10, 20 kg in Aluminium canister 
Store in cool and dry place; Recommended at 20 OC. Protect from light and moisture. 

Shelf life 

3 years in original packing at recommended storage conditions 

Sime Darby Bioganic Sdn Bhd,

c/o Golden Jomahna Food Industries Sdn Bhd
9th Mile, Jalan Klang-Banting,
42500 Telok Panghma Garang Industrial Estate,
Kuala Langat, Selangor Daml Ehsan. Malaysia.
Tel' 603-31226301& 603-31226211
Fax' 603-31220782
EmaIl: bloganic1?simedarby.com

Product Specifications
Gold Tri.E 50

Definition

Gold TrLE 50 contains a mixture of tocotrienols and tocopherols liquid extracted from palm fruit ( E/aeis
Guineensis)

II Description

Gold TrLE 50 is an amber viscous liquid Vitamin E containing minimum 50% of tocotrienols and
tocopherols.

III Product Use

Dietary supplements, nutraceuticals, functional food ingredients and cosmeceuticals.

IV Physical Properties

1. Appearance and Color
2. Odor and Taste
3. Solubility
4. Moisture content (%)
5. Acid Value, AV (mgKOH/g)
6. Peroxide Value, (meq/kg)

V Microbial Properties

1. Total Plate Count
2. Coliforms

VI Composition

Total Tocols (Tocotrienols and Tocopherol):

*Typical ratio in tocols
Total tocotrienols
Total tocopherols

Actual composition as per CoA

VII Packaging and Storage

amber liquid
bland/Neutral
soluble in oil
not more than 1.0
not more than 5
not more than 10.0

not more than 3000 cfu/g
negative/g

500 mg/g min

75%
25%

VIII

1, 5, 10, 20 kg in Aluminium canister
Store in cool and dry place; Recommended at 20 cC. Protect from light and moisture.

Shelf life

3 years in original packing at recommended storage conditions
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Sime Darby Bioganic Sdn Bhd, 

c/o Golden Jomalina Food Industries Sdn Bhd 
9Ih Mile, Jalan Klang-Banting, 
42500 Telok Panglima Garang Industrial Estate. 
Kuala Langat. Selangor Darul Ehsan. Malaysia. 
Tel : 603-312263018! 603-3122621 1 

Email bioganic@simedarby.com 
Fax : 603-31220782 

Product Specifications 
Gold Tri.E 70 

I 

II 

111 

IV 

V 

VI 

VI1 

Vlll 

#&" 

Definition 

Gold Tri.E 70 contains a mixture of tocotrienols and tocopherols liquid extracted from palm fruit ( Haeis 
Guineensis ) 

Description 

Gold Tri.E 70 is an amber viscous liquid Vitamin E containing minimum 65% of tocotrienols and 
tocopherols. 

Product Use 

Dietary supplements, nutraceuticals, functional food ingredients and cosrneceuticals. 

Physical and Chemical Properties 

1. Appearance and Color 
2. Odor and Taste 
3. Solubility 
4. Moisture content (YO) 
5. Acid Value, AV (mgKOH/g) 
6. Peroxide Value, (meq/kg) 

Microbial Properties 

1. Total Plate Count 
2. Coliforms 

Composition 

Total Tocols (Tocotrienols and Tocopherol): 

*Typical ratio in tocols 
Total tocotrienols 
Total tocopherols 

Actual composition as per CoA 

Packaging and Storage 

1,  5. 10, 20 ka in Aluminium canister 

amber I iq u id 
bland/Neutral 
soluble in oil 
not more than 1 .O 
not more than 5 
not more than 10.0 

not more than 3000 cfu/g 
nega tive/g 

700 mglg min 

75% 
25% 

Store in cool and dry place; Recommended at 20 "C. Protect from light and moisture 

Shelf life 

3 years in original packing at recommended storage conditions 

Sime Darby Bioganic Sdn Bhd,

c/o Golden Jomahna Food Industnes Sdn Bhd
9'h MIle, Jalan Klang-Bantmg,
42500 Telok Panghma Garang Industrial Estate,
Kuala Langat, Selangor Darul Ehsan, MalaysIa.
Tel: 603-31226301& 603-31226211
Fax: 603-31220782
Email blOganic@simedarby.com

Product Specifications
Gold Tri.E 70

Definition

Gold Tri.E 70 contains a mixture of tocotrienols and tocopherols liquid extracted from palm fruit (Elaeis
Guineensis)

II Description

Gold Tri.E 70 is an amber viscous liquid Vitamin E containing minimum 65% of tocotrienols and
tocopherols.

11/ Product Use

Dietary supplements, nutraceuticals, functional food ingredients and cosmeceuticals.

IV Physical and Chemical Properties

1. Appearance and Color
2. Odor and Taste
3. Solubility
4. Moisture content (%)
5. Acid Value, AV (mgKOH/g)
6. Peroxide Value, (meq/kg)

V Microbial Properties

1. Total Plate Count
2. Coliforms

VI Composition

Total Tocols (Tocotrienols and Tocopherol):

*Typical ratio in tocols
Total tocotrienols
Total tocopherols

Actual composition as per CoA

VII Packaging and Storage

amber liquid
bland/Neutral
soluble in oil
not more than 1.0
not more than 5
not more than 10.0

not more than 3000 cfu/g
negative/g

700 mg/g min

75%
25%

VIII

1, 5, 10, 20 kg in Aluminium canister
Store in cool and dry place; Recommended at 20 DC. Protect from light and moisture.

Shelf life

3 years in original packing at recommended storage conditions
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Sime Darby Bioganic Sdn Bhd, 

c/o Golden Jornalina Food Industries Sdn Bhd 
9Ih Mile, Jalan Klang-Banting, 
42500 Telok Panglima Garang Industrial Estate, 
Kuala Langat, Selangor Darul Ehsan, Malaysia 
Tel ' 603-31226301& 603-3122621 1 

Ernail . bioganic@irnedarby com 
Fax : 603-3 1220782 

Product Specifications 
Gold TrLE 20 Powder 

I Definition 

Gold Tri.E 20 Powder contains a mixture of tocotrienols and tocopherols powder extracted from palm fruit 
( Elaeis Guineensis 

II Description 

Gold Tri.E 20 Powder is a yellowish powdered Vitamin E Derivatives containing minimum 20% of 
tocotrienol and tocopherol. 

111 Product Use 

Dietary supplements, nutraceuticals and functional food ingredients. 

IV Physical and Chemical Properties 

1. Appearance and Color 
2. Odor and Taste 
3. Solubility 
4. Loss on Drying 

Yellowish powder 
BlandINeutral 
Disperses in water 
Not more than 5.0 

V Microbial Properties 

1. Total Plate Count 
2. Coliforms 

Not more than 3000 cfulg 
Neg a t ive/g 

VI Composition 

Total Tocols 
(Tocotrienols and Tocopherol) 

200 mg/g min 

Typical ratio in tocols 
Total tocotrienols 
Total tocopherols 

75% 
25% 

Actual composition as per CoA 

VI I Packaging and Storage 

0.5 and 1.0 kg in Aluminium Foil 
Store in cool and dry place. Recommended at 20 "C. Protect from light and moisture. 

Shelf life Vlll 

*AI 2 years in original packing at recommended storage conditions 

Sime Darby Bioganic Sdn Bhd,

clo Golden Jomahna Food Industries Sdn Bhd
9th Mile, Jalan Klang-Banting,
42500 Telok Panglima Garang Industrial Estate,
Kuala Langat, Selangor Darul Ehsan, Malaysia
Tel' 603-31226301& 603-31226211
Fax: 603-31220782
EmaIl. bioganlc@:slmedarby com

Product Specifications
Gold Tri.E 20 Powder

Definition

Gold Tri.E 20 Powder contains a mixture of tocotrienols and tocopherols powder extracted from palm fruit
( Elaeis Guineensis)

II Description

Gold Tri. E 20 Powder is a yellowish powdered Vitamin E Derivatives containing minimum 20% of
tocotrienol and tocopherol.

III Product Use

Dietary supplements, nutraceuticals and functional food ingredients.

IV Physical and Chemical Properties

1. Appearance and Color
2. Odor and Taste
3. Solubility
4. Loss on Drying

V Microbial Properties

1. Total Plate Count
2. Coliforms

VI Composition

Total Tocols
(Tocotrienols and Tocopherol)

Typical ratio in tocols
Total tocotrienols
Total tocopherols

Actual composition as per CoA

VII Packaging and Storage

Yellowish powder
Bland/Neutral
Disperses in water
Not more than 5.0

Not more than 3000 cfu/g
Negative/g

200 mg/g min

75%
25%

VIII

0.5 and 1.0 kg in Aluminium Foil
Store in cool and dry place. Recommended at 20 DC. Protect from light and moisture.

Shelf life

2 years in original packing at recommended storage conditions.
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Sime Darby Bioganic Sdn Bhd, 

c/o Golden Jomalina Food Industries Sdn Bhd 
9Ih Mile, Jalan Klang-Banting, 
42500 Telok Panglima Garang Industrial Estate, 
Kuala Langat. Selangor Darul Ehsan. Malaysia. 
Tel : 603-312263018~ 603-3122621 I 

Email , bioganic@simedarby corn 
Fax . 603-3 1220782 

Product Specifications 
Gold Tri.E 30 Powder 

Gold Tri.E 30 Powder contains a mixture of tocotrienols and tocopherols powder extracted from palm fruit 
( Elaeis Guineensis ) 

Description 

Gold Tri.E 30 Powder is a yellowish powdered Vitamin E Derivatives containing minimum 30% of 
tocotrienol and tocopherol. 

Product Use 

Dietary supplements, nutraceuticals and functional food ingredients. 

Physical and Chemical Properties 

1. Appearance and Color Yellowish powder 
2. Odor and Taste Bland/Neutral 
3. Solubility Disperses in water 
4. Loss on Drying Not more than 5.0 

Microbial Properties 

1. Total Plate Count 
2. Coliforms 

Composition 

Not more than 3000 cfu/g 
Negativelg 

Total Tocols 300 mg/g min 
(Tocotrienols and Tocopherol) 

Typical ratio in tocols 
Total tocotrienols 
Total tocopherols 

Actual composition as per CoA 

Packaging and Storage 

75% 
25% 

0.5 and 1.0 kg in Aluminium Foil 
Store in cool and dry place. Recommended at 20 OC. Protect from light and moisture. 

Shelf life 

2 years in original packing at recommended storage conditions. 

Sime Darby Bioganic Sdn Bhd,

c/o Golden Jomalina Food Industries Sdn Bhd
9'h MIle, Jalan Klang-Banting,
42500 Telok Panglima Garang Industrial Estate,
Kuala Langat, Selangor Daml Ehsan, Malaysia.
Tel: 603-31226301& 603-31226211
Fax. 603-31220782
Email. bioganlc@slmedarby com

Product Specifications
Gold Tri.E 30 Powder

Definition

Gold Tri.E 30 Powder contains a mixture of tocotrienols and tocopherols powder extracted from palm fruit
( E/aeis Guineensis)

II Description

Gold Tri.E 30 Powder is a yellowish powdered Vitamin E Derivatives containing minimum 30% of
tocotrienol and tocopherol.

III Product Use

Dietary supplements, nutraceuticals and functional food ingredients.

IV Physical and Chemical Properties

1. Appearance and Color
2. Odor and Taste
3. Solubility
4. Loss on Drying

V Microbial Properties

1. Total Plate Count
2. Coliforms

VI Composition

Total Tocols
(Tocotrienols and Tocopherol)

Typical ratio in tocols
Total tocotrienols
Total tocopherols

Actual composition as per CoA

VII Packaging and Storage

Yellowish powder
Bland/Neutral
Disperses in water
Not more than 5.0

Not more than 3000 cfu/g
Negative/g

300 mg/g min

75%
25%

0.5 and 1.0 kg in Aluminium Foil
Store in cool and dry place. Recommended at 20°C. Protect from light and moisture.

VIII Shelf life

2 years in original packing at recommended storage conditions.
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Golden Hope Bioganic Sdn. Bhd.
(Co S". 1890:'8-K)

c/o Golden JomalJna Food Induslllc' Sdn Bhd
9th Mlle. JaJan Klang-Bantmg,
42500 TeJok PanglJma Garang Indu:.trial billIe
Kuala Langat. Selangor Darul Ehsan. "'lalay~ta

"~ctd.an Hope Bioganic
1',: I' ,;( I,' \ " 1' l~

F, y !~q; ~,): ~ .~" ,7,(,.~

l~r'}~fc :,",\I\''I,:)J1;1~1' ,In

L 'l1Jd ',I(~'LJi)lf f1 ',If~'i f~ :r~

.r'rr-·'·"··--~I·'''··>('·' ''''),' re~' -II "'AB ""6;.'''4;' f1>,'·" if' ". ~t', ':"' Tj\,'J
'" . ii', hi'. * ~: il" .Li'ii .L.~~._~~'...!.ft._~.2~!._~h~.~V:L~ ~Qt9_-: l ..f!:_.~ ....,<,

.~f)AL:'v'l TOC()TRIEN(}LS RICH F~ACTiON

(fold- 'I'd E 2() .\it
Batch \'0: GJlB-TtJ8{)6(J5(JjY,· 02

o.-'j ocophero!

Cf.-Tocotrienol

0-TocotricnoJ

y- Tocotricnol

b-Tocotricnol

TOTAL

Ref Standard O()5,41090300

\If'g date 06/08

Best Before 06, J I

1<. ,'1 c~: :-",:\ '\'1 UAi'"
Chemist
1~. -mail 3fl:J.nlf1all J...nshl1al1((i)~jmedarbycom

','" ;\~r'f : ~;"i)/r;f:/£'J~~:~

III (j/lh-l(jFIH;O'::UY-U.' ,~.dll.l()t""·l

A member of tile ,

262 mg/g

632 mg/g

60 mg/g

69 J mglg

434 mg/g

207.9 tl1g/{?

Sime Darby Group

(b) (6)
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Golden Hope Bioganic Sdn. Bhd. (Cn ~.Jn 'Cl9028 K
co Golde'1 JO'TIall'1<l Food Induslf'eS Sdn Bhd
9:1' Mile Ja!an 8anllng·Klilng, 42500 Telok P,<nglirna Garan9 Indus:"a! E:slate. Splanqor D,Hul f-11scll' U3Irl\,.%'
If tt')t)~{) :~1;)~; r;302 or:7Fj F,p It)«~l ~~1:).) ,J7()." f,.;f1"

,"'"
Golden Hope Bioganic

'v"/f;~; P,1f;C N'.\IN :j("\1 "It' \,(:"1 F+!\ --ill !~I,)~,,1tl'(I(i;:lln .._..>~LI·!)',' ;'11J1

'r', '!I(f' t., 'C"lr' .1"'\'il' ''Ph'.' 'I ,,' -,nITS St.a: N· ... ,. '1\' 0 f1..' 'f:'i!t At li'-· ...~~~.i1-!~:..:::~~:~L~J.:._{~~~~ '~pJ,~m~.:)a~U. fl:-:' .....

}l

!t _
"V'i1"~£-,,-\ ')i"C1l-E- J4"f' - h,' ~ iJ ''''II< -, •. "l'L k 4""'B('I.\'j\\'
.'L~~,\i.-!UL!DJ l~.~vj:~lb .~!I~lrt1f'1i~J1..tiv ~. m. ..JJ'::'

(,jofd.·Tri E :.W /\'1
Bmch ;'\'o : {P'llB.fO 7J(j{)5()!~' - f)J

u-Tocopherol 267 mglg

('1-Tocotrienol 64 5 mglg

fl- Tocotrienol 6.2 mg/g

y Tocotrienol 68.9 mglg

8-Tocotr icnol 45 1 mg/g

7H1'.4.1. 2J HA .1]g/r

({cf Standard. 0954/0<JOJOO

:Vlf~! date

BeSl Before

':\.,. \f'~f)\tJrf~t~/-\ ~.

10/07

]0/10

Chemist
E ·mai I i.lnclfllh;;n1 :,ri::hnan({J)~i mcdbrby com

;~, " r~ :s ' >:D/G6/~::J)~';,::

III , OJ! J'f" '/'0'" I r'l/i:JtJ . •Id /,tJ'!/J jr'/ri"r

A member of the Sime Darby Group

(b) (6)
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Golden Hope Bioganic 

CERTIFICATE OF ANALYSIS OF Gold Tri.E "I 

PALM I'OCOTRIENOLS RICH FRACTION 

Nana E70 
Butch No : GHR CFO 109 I80 70NE 

45.3 mg/g 

25.2 mg/g 

1 04.3 mg/g 

65.2 mg/g 

Kef. Standard : 0609 / 13042005 

Mfg Datc : 0997 

Best Bcfore : 09:IO 

Golden Hope Bioganic

Goldel1 Hupt' Hiogar.ic Still, Bhd.
{Cll. '\Jo.l)\l.tO::1( K}

cio Golden J01l'1<I11I1<1 h)od lnJlhlflc, <;,1:1 Bhd
9th \1lle, Jalan Klang-I3ant1l1;!.
42500 Tclok Pangl,ma Gariln~ Indu,tr:,,1 r"t"l<:

Kuala Langat, Selangor Dantl I·,h'.ln. \ldla:""
Tei ,603-.\1 22 (':\0 I & () '-.' 122 h: II
Fax, 60'- ~ 122 bo~l\ &. 0.\ .\ 12:' 95.>9
Web page \~ww,goldtne,col11

Email bJOg,HlIC'{/ g"ldenhopt',wl11

CERTIFICATE OF ANALYSIS OF Gold Tri.E 1';\1

PALM TOCOTRU~NOLS RICH FRACTIO:'J

NalllJ £70
Batch No: 6'HB CF070918070NE

u-Tocopherol 45.3 mg/g

a-Tocotrienol 102.8 mg/g

r~-TocotrienoI 25.2 mg/g

#'"
y-Tocotlicnol ]04.3 mg/g

0-Tocotricnol 65.2 mg/g

TOTAL 342.R mg/g

ReC Standard : 0669 I 14042005

Mfg Date : 09/07

Best Bd{)rc : 09/ 10

K.'\N·;\~THAN

Chl'l1li,l{

Email: ananthan.krishnan.0~i11lcdarhy.com

Oate ; 18/09/2f)07
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PALM TOCOTRTENOLS RICE FRACTION 

Nano E70 
Radch No : GHBCFO7091807ONE 

a-Tocopherol 90.5 mg/g 

a-Tocotnenol 86.4 mglg 

P-Tocotneno 1 15.0 m@/g 

y-Towtri enol 67.1 mg/g 

S-Tocotrienol 43.0 mg/g 

302.0mg/g TOTAL 
--- - .. - --..-. -..- 

- ” -- -.- _ _ _  
I 

Ref. Standard : 0669/ 14042005 
Mfg date 09/07 

Best Before : 094 0 

AN 
c’fiemist 
E-mai 1 : ananthan. krishnan@simedarby. corn 

DATE : 04/03/2088 

Golden Hop!'! Bioganic,....

Golden Hope Bioganic Sdn. Bhd. (CG No Hn02H-K)
,:'0 GOlden Jornallna "'(Jod Induslncs Son Bhd

~Hh Mile, Jalan Banw-,g-,.(Iang, 42500 TelQk Papgllrna Gar<lng ,ndustllill Estate. Sf:la"c;c: Jdl", E'l::cJ!' ",1d'c'i':,',1
jf' :603\ 3'2213301 & 1603) 31226211 FdX. 1603) :11226688 &, loG;') 3~229539 .
Wc:b Pil,J8 www.qoldtll8 ~()m E-mill' blogilnlc\4'goldent':)pe com

CERTl""ICATE O~F ANALYSIS OF Gold-Tn E ™

PALM TOCOTRJENOLS RICH FRACTION

NanoE70
Batch No: GHB-CF070918070NE

a-Tocopherol 90.5 mg/g

a-Tocotrienol 86.4 mg/g

~-Tocotrienol 15,0 mg/g

p,,~

y-Tocotrienol 67.1 mg/g

8-Tocotrienol 43.0 mg/g
-

TOTAL 302.0mg/g

Ref Standard: 0669/14042005

Mfg date

Best Before

09/07

09/10

Chemist
E-mail: ananthan.krishnan@simedarby.com

DATE : 04/0312008

\ ii" 1'.1-<, c' II.. 'W 1.,1>1,,, fllll" (;: "l'

(b) (6)
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Golden Hope Bioganic Sdn. Bhd.
(Co. So, 1~9028-K)

/ ~ ~,' ~"

~

--;

Golden Hope Bioganic

clo Golden Jomahna Food Industnes Sdn Bhd.
9th Mile. Jalan Klang-Banting.
42500 Telok Panghma Garang lndu>tnal blale,
Kuala Langat. Selangor Darul Ehsan. MalaySia
rfd (t:>O~~) ,51:):: c: ... n:' ~:');"

F<..~ (l\\)'j) ....'i.l.l :J7h2 I;)~',I

\/\t(;!)~ltc V/W...v quId t'l' (~l,;rn

l:: rnall 'j!cqarll(,/i~.lfr't'(1,H!'y'Cl'

CERTIFICATE OF ANALYSIS 01" Gold-Tri E ™

PAl.'\-) TOCOTRIEN()LS RICH FRACTION

(ioltJ- Tri E ](} Nt
Batch No: (j1lB-TOS()60J(i]V - tIl

~..

a-'J ocopherol

a -Tocotrienol

/3-Tocotricnol

"/-Tocotrienol

0-Tocotrienol

TOTAL

Ref Standard : 0954/090300

26.2 mglg

63.2 mglg

6.0 mg/g

69.J mg/g

43.4 mg/g

207.9 mg/Ia

\IIfg date

Best Bef()re

06/08

0611 J

KANAN'hfAN
Chemist
E-mail.ananthan.krishnan@simedarby.com

DATE: 20/0612908

111 (;/1 fj- I'fJlI{)(lI)5I)",-IJ}/,alll"Jo"'"

A member of the ~~ : Sime Darby Group

(b) (6)
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\ >  Golden Hope Bioganic Sdn. Bhd. (c0 N~ I~WE-K! 
. ,  

Y , 
I. , 

G O  Goldei Jgmalina Food Industries Sdn. Bhd 
9th Mile. Jakn Banting-Klang. 42500 Telok Panglinia Garang Industr!al Estate, Selangor D a r d  Ehsm Mnlaysid 

-~ . ~ ,  
\, , 

1 ,  

II CER'l'HFICATE OF ANALYSIS OF Gold-Tsi E '! 

a-Tocopherol 

a-Tocoirienol 

[bTocotrienol 

;p'Tocotrienol 

6-Tocotrienol 

26.7 mng/g 

64.5 mg/g 

6.2 rn& 

68.9 mgfg 

45.1 rn& 

Kcf Standard. 0954/090300 

Mfgdate . 10/07 

Best Before : 10/10 

C: hemist 
E-mail: ananthan.krishnan~~simedat-by.com 

,.:'a .\, 

A member of the f?;,j Sime Darby Group 

Golden Hope Bioganic

Golden Hope Bioganic Sdn. Bhd. (Co No 189028-Kl
c,o Golden Jomalina Food Industnes Sdn. Bhd
9th Mlle. Jalan Banting-Klang. 42500 Telok Panglima Garang Industrial Estate, 5elangor Darul Etlsiln Malaysld
'T Ri- (603) 3122 6302'9676 Fax (60:j\ 3~?? i17ii26G8f)

\i\leb P8ge \,Vvvw gc,d-~ne c...orn F-rr'nll hl()\JdnIC(CY~'II11edDrt)yVJll)

CEgflFICATE OF ANALYSIS OF Gold··Tri E ™

rALM_TOCOIRIENOLS RiCH 'FRACTION

(iold-Tri E 2(} Nt
Hatch No: 6111~T07JtJ050N- OJ

(J,-Tocopherol

(t-Tocotrienol

(3-Tocotrienol

y-Tocotneno)

0-Tocotnenol

------_ .. - --_. ----_. - ----
TOTAL

------- ----_ .. _. - ._--

Ref Standard. 0954/090300

26.7 mg/g

64.5 mglg

6.2 mglg

68.9 mglg

45.1 mglg

2J 1.4 mglg

Mfg date

Best Before

10107

10/10

Chemist
E-mail: ananthan.krishnan@simedarby.com

DATE; 20/06/2008

111 ,.-IIIt-TiI7/lJfJ5/J\'·IJ//wnbl Joldi!t

,~.~ "

A member of the it:.; .. : Sime Darby Group
\~::- j

(b) (6)
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Golden Hope Bioganic

Golden Hope Bioganic Sdn. Bhd.
-. :.,~ 1 • ;'. t 1 '1'lt 1 " i ,.,~~j>~~ ':-:r :":
'::~ ,'i ,~. ; \ t; ) h. .~l·"~ ..: <:}II ~, .: f t, .; ~d:' '., • ~ ,~ ; I ~l 1:'-

:~' J ;".; '.,i'; ,~ t,(l,~' "'i~.:'t'~'t t --" .. X " ..... , :i~ ~~'f ·'"o,il. ""' ':..
:·l.,~ :.'. •• , ~t"" I\\"~' ~'.1 l ~'~\I'!:::~~l;':\l

('I::RTI FICATE OF A1'4AL'"SIS OF Gold-Tri E <} M

PALM TOCOTRI[NOl.S RICH FRACTION

Uold- Tri E 511
JlJllch No : (iJ1Bo71113196298R

(j - ro~:optlt:rol

(1-TocotricnoJ

n-<{'( I\., Miello!,.

'Y- l'n((,)trienol

r)- r llCO!! icno!

TOTAL.

,"' \) m~'\.!.. w' _ ... ~

1(,7 J mg/g

.;! ! rng;g

16:- :: mg/g

\)!S " mg/g

545.8mg/g

Ref Standard (}b6C)j 14042005

\ 1t1.~ da It:

Best Bcforl:

: I 07

11,'\ 0

h:.,\.'4:\ <~TB_\,
!<est'an h (Jjtlea

[-mail ;u:<tl1th,iD!f ~I.lldt'nhop~ ~>.. )[11

n·\ n: : t 6/11 /20Ui'

~., ,1'

.'. ~ ;'.
I

(b) (6)

000131



,'."I,l:!\-,:"..';

1,'",;,-,",

:'\I'll~~:('i~~t\ij

;'1;!;11!'I'

"\Ip!\.\\.\,',:

"j~' I

1:t';t,Ji'j~.:.;'!'.

,I~Jl';i'\,\,";'fI1

(l,j,'!:.......'

,
.'

-,;,IZ.'-l~l

!\I

tlO~fJIIO::.\,'rJ.\'(/!/""):"\1{'jf'i!

m'JifI'I'jlll)

'I,

,.'~'-",'i'.',!.',\"t..,

;~';,.'.:'..,',,

P"

,"'",/.

""1,1I)P~)1111~;;O!$!,'doi!"'Plll~)
000132



I +--- 

.. - P " .I,. 

'J"

(;/,

11\(1

(I:

":,

I'

H(/(;~~9Mf'lll.:.fJUII.'):0.\rpmu
(JJ:'.1!.I,/-!'Ill,')

1\I>1!·IJ-PIO~):10SIS\.'1\,\10:.1.1\.)1-1II~t:..>)

.J..l~...·.1'!1):,,'1,~":,«.Jti,,,,lq,I",,'1.".~""OJ:":<,,~'j'':'''\'

':,"~~t)~:~,'fl-!),Yf.::.l~~,,:~If,,'j·2:>~~(:.;,L.1_

to',~'::l.~",...~!\'~'if1I'l.-•'t'.l,r,::-~:..ll~·t.Jt.1-,-"'j.1/."H'

':,t]LJ:'l"~~t1~,;.,':',I{'r'<"";jr,l.l,I•<;••~;L':

::''P48'upS:l!UeOO!8adOHuaploD
000133



d/lOJ[)~qJI;!OiJli1/S~aliijOj~qLU;)Wl1
~."A$%

'":'/',1v•I.,',"'

t."I"'·''.l.\~j-\.':1,'":f·'tfl"...,1II'~l:'~I.{'1,,'1.-j

,"}.f/l:1

"

\.\Ii)\,\\,\"1
/1

:;

," ,.:

,,:

"1~,",;..l'l;

,..:w:.</.:.1

'I\.1.0t

t(,!'.-~,;:'1,~l\'1I~":t

I\!"H,l:,,">'II-.~
.,

l\I

f).I.,';:t;..{:I~:muJHI/l}.•,\1f.IJtJil

(/,.:I!.J.i.fljl!.l)

<••','.

~c+4~',
"".,")

000134



I\, tot 

'I'\'_I;,';,.Jilr.1"'~.~.:}','".·i~:ll·:!i;·,1;',~¥

\:...~~t'.'

\.\"'\\,\\.\'~I
<:'"\,....8.\.

f'I~!;f.Ir·:",;~\,Il.',".:'1",..~;

1I_I!(i.."'lMJ.\'mlll'):"\f/.1lflU

0_.;/,/.l1-1'If1')

I\I()I

\\I>!~.1I.-PI()~):10SIS\,'1\',Y,'1():-tt\".)1:II.Llr·,)

',~I'~\1~itjI'"wt;J...t/;.!.•~ll.'..';l~llr!'.,llo:~

','h-';",;1'.;,¥,l'n,.··I.I~'s(j~~~·"l',f()~"t

tf'.'"",.j'..':).,·1'•it;l~'.:I;:I..:'7",I-,"1

"",-I,,"

000135



,>),•,•(:ft'f;')II'....lJI::'\,;!•

".,'/
",If"

\."III,\.\\.\.'i

I'

:jl,;,
,~'I'

l~J:';

l\IOt

,·~l.-,,\t~(\I'"

tl\:;,.-~tl:~'~,",-J•

.:{\fJ!:-'II.I.f/(,(J';'O1)-(/11')'0\1/-'J1Jif
0'::":'/,IUl'\

,OU,,)\}!-ln.'>!}1SJO\:U}t,1.0.)0t1\1\d

-1"~">I!JI-PIl)'):10~I'i\'-I'"\JO,{i\"~")[:tIL}l':1) \I

C:':1.f.l:~,;,t"~>•.:-f,-::;j'd'-l.:::'t,',I,t.:~tt~l..,'•

.'_'1f.1'"\"'",:,".';.11~...~...,•,,-'.j-,'",>.__".',:f:,",l~

,:-:"~.~,,~;'!!lU~"t..:}f:-_'~~.<_-:~fp!"",?t.'.,'•.:'_~~1/_.,~

~'4:~J'·r"·-::'>·,q~~I\.>1,'~~('::._\.,~.:'

(b) (6)

000136



dr/OlD,{Qlr:O:JU1!S~"<lL/liOJ;>qwowt' ,

Sllll[,rnf;:JL\(1

~:r·,l"'l\t{.'''r''·,1l11'',t,,;i".,'.....1:JIIJI,·fJ~·;';'ll.;

\.\IU"'"':'-f ,,

iI::'

'I'",
:"\'"\.:,

,,-,it·I
11'I

1\'10.1

;:1l-)/fhlJfJ[(JJWUHf):,,\lpJ1J[J

(J~':J!"./.-1'I0.
t
J

,'~',.,

',,',:.,

",~,.

>,",\1.Il•I--II:~\.,~i':',':.'.',._;,

,-:;~•","I'"•J.I-.~("•I.~.''Il'"

(b) (6)

000137



*.. . 

Golden Hope Bioganic 

Golden Ifope Miogonic Sdri. Bhd. 
(Co. Uo. IIISHIPX K) 

cio Golden Joinalrna Food Indil.\trle5 SJn. Hhd 
9th Mile. J : h n  Klung-Ranting. 
42500 Tdok Panglama Garan8 1ndiistr;d Ehtatc 
Kuala Lanear, Selangor Ilanrl Ehsm. Malaysia 
‘rei . 603-3 122 630 I XC 0.;-3 121 62 I 1 
Fax: 603-3122 6688 & 03-51220539 
Web page: www.goldtrte.com 
Einail bioganic~u,goldenhop(:)I~~nh(~~ coin 

CERTIFICATE OF ANALYSIS OF Gold Tri.E 

PALM TOCOTRIENOLS RICH FRACTION 

Nan0 E70 
Batch No : GHB CFO709I807ONE 

a-Tocopherol 

a-Tocotrienol 

P-Tocotrienol 

y-l‘ocotrienol 

cS-Tocotrim~l 

45.3 mg/g 

1 02.8 mg/g 

25.2 nig/g 

104.3 mg/g 

65.2 mgig 

TOTAL 342.8 rng,/g 

Ref. Standard : 0669 / 14042005 

Mfg Datc : 09/07 

Bcst Beforc : 09/10 

/- 

KANANTHAN 
Cltcmist 
Email : ananthan.krishnan(u,sinicdarby.com 
Date : 18/09/2007 

A rnembcr of the @ Golden Hope Group 

Golden Hope Bioganic

Golden Hopt' RiogaJlic Sdn. Bhd.
(Co. '10. 18'1028 K)

cio Golden Jomalma Food Indlb!rlC'> Sdn. Bhd
9th ~ile. hlan Klang-Bantmg.
42500 Tclok Pangllma Garang lndllslnal blale
Kuala Langat, Selangor Darul Eh,an. \'1aIa;'-'13
Tei .603-.'1226301 & 03-31220211
Fax: 603-3122 668ll & 03-3 J229539
Web page: ww......goldtne.coll1
Email biogamc(a.goldenhope com

CERTIFICATE OF ANALYSIS OF Gold Tri.E T~

PALM TOCOTRIENOLS RICH FRACTION

NanoE70
Batc'h No: GHB CF070918070NE

u-Tocopherol 45.3 mglg

a-Tocotrienol 102.8 mg/g

f3-Tocotrienol 25.2 mg/g

y-Tocotrienol 104.3 mg/g

8-Tocotrienol 65.2 mgig

TOTAL 342.8 mg/g

-- - -----------

Ref. Standard : 0669 1 14042005

Mfg Date : 09/07

Best Before : 09/1 0

K.ANANTHAN
C!ll:'m;sl
Email: ananthan.krishnan(~;simedarby.com

Date : 18/0912007

A memlxr of tile ~ Golden Hope Group

(b) (6)
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Golden Hope Bioganic Sdn. Bhd. (c0. N ~ .  ~ ~ Y o ~ R - K )  
c/o Golden Jornalina Food hdU6tflCS Sdn Bhd. 
9th Mile, Jalan Bantipg-Klang. 42500 Telok Panglima Gerang ,ndustrlal Estate. Selai-gcr %u! Eiisar. Ma!aysia 
rei (603) 31226301 & (603) 3122621 1 Fax: (603) 31226688 8 (GC3) 37229530 
Web Page: wv.goldtrie corn E-mail. bloganrc63goldenhops corn 

<,' 1 ' 
: !  

,, Golden Hope BioganiC 

CERTIFICATE OF ANALYSIS OF Gold-Tri E TM 
PALM TOCOTIUENOLS RICH FRACTION 

Nan0 E70 
Batch No : GHBCFO7091807ONE 

a-Tocopherol 90.5 mg/g 

a-Tow~enol 86.4 mg/g 

f3-TocOttienol 15.0 mg/g  

y-Tomtrienol 67.1 n$g 
6-Tocotrienol 43.0 mg/g 

302.0mg/g TOTAL 
--_.-I- .--- - 

--_ - .- 

Ref Standard : 0669/14042005 

Mfg date : 09/07 

Best Before : 09/10 

KANAN  HAN 
Chemist 
E-mail : ananthan.krishnan@simedarby.com 

DATE : 04/03/2008 

e- 

~"
Golden Hope Bioganic

Golden Hope Bioganic Sdn. Bhd. (Co. No. 18902R-K)
c/o Golden Jomailna "'ood Industnes Sdn 8hd.
9th Mile, Jalan Bantlng-!<Iang. 42500 Telok PanglJma Garang ,ndustnal EstatE<, Selar-get Jill ui EilsiH' Mil!aysl<l
fHI (603) 31226301 & (603) 3122621 t Fax: (603) 31226688 & (603) 31229539
Web Page: www,goldtne com E-maiL bloganlc@goldenhope com

CERTIFICATE O~" ANALYSIS OF Gold-Tn E ™

PALM TOCOTRJENOLS RICH FRACTION

NanoE70
Batch No: GHB-CF070918070NE

(1-TocopheroJ

a.-Tocotrienol

13-Tocotrienol

y-Tocotrienol

0-Tocotrienol

TOTAL

90.5 mglg

86.4 mglg

15.0 mglg

67.] mglg

43.0 mglg

302.0mglg

Ref Standard: 0669/14042005

Mfg date 09107

Best Before 09/10

Chemist
E-mail: ananthan.krishnan@simedarby.com

DATE : 04/0312008

FN' GHB-CfYJ7091807ONEIDJ6(d)

A member of (he 4f I ;,-,Jd,," Hope Group
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RCC-CCR Study Number 1152200 Report Page 2 of 31 
Tocotrienol 

1 COPY OF GLP CERTIFICATE 

HESSEN 

Gute LaborpraridGood Laboratory Practice 

GLP-Bescheinign@tatement of CLP Compliance 
( g d / d ; n g  to 5 15% Abr 1 chcmikiliengereu) 

0x09.2006 
Datum d u  Irrcpdnlonl[).ce of Inspeaion 

(Tag Monal lahr/day month year) 

Die genannlr Rilfcinrichhmg bcfluda rich im n s t b  
nalm G L P - ~ u n g a v e r f ~ h ~ w ~  uod wird regel- 
mbig auf Einhallunp der 0LP-G~amdsMm ObsMnsht. 

Aufder Gnmdltge des In~onsberichwr wird hknnit 
beMtigs dass i0 direr RafbfmicMuns dic oben ge 
n m l e n  RllRu~$cn unter Einh.ltung der GLP- Gnmd- 
sdac durrhptlht w d e n  konnen. 

The above mentioned test facility is included 
in the nltionrl GLP Complimce RDgranunc and it 
inrpeacd on i regullr bau. 

B d  on L e  inspection npon it eur be c o n h d  
that Ihis (tst hcility is owe Io condud L e  
aforementioned studies m compliam with the 
Principles ofGLP. 

Has. Ministdurn mr Urnwelt, liadllcbsn R.um nod Verbrauchencbuh, 
Miimr S h O c  Kl D65189 Wlabrdcn 

(Name und Adrcorc der GLP-~bcmachungsbcb8rdcMam and address ofrhe GLP Monitoring Aurhonty 

st4ecdr.doc 

RCC-CCR Study Number
Tocotrienol

1152200 Report Page 2 of 31

1 COpy OF GLP CERTIFICATE

(Unverwechselbare BczclchDung ODd AclresseJUncquivocal name and adress)

MIDnl1D DIcit KategorlenfAreu of EIptII1Ise
(gemlllfaccordlDg chClllVwV-GLP Hr. S.3IOECD guidance)

RCC - Cyfolest CeD bellreh GmbH
RCC - Cytotest Cell R.escarcb GmbH

In den Leppsteinswiesen 19
64380 Rondol!

HESSEN

o PrUfstaodortrrCSI sire

Assessment ofcoDfonnity with GLP according 10
ChemIblicngesetz aod Dinlctlve 8113201EEC al:

Gute Laborpra:DsIGood Laboratory Practice

GLP-Bescheinigunw'Statement of GLP Compliance
(gema6faccording to § 19b Abs. I Chemilcalieneesetz)

Eine GLP·lnspe!ttion zur Oberwaclnmg der EinhailUoI
der GLP-Gnmdsltze gemlll ChemIlcaliengese!Z bzw.
Richtlinie 11f320JEO wwde dlU'chpftlbn in

18I PrtlfeinricblUDglTest facility•
•

••

•
:it Prlirunsen zur neatJ.mmuog del' toxikoloCi.ebea
Elrenocbalten
3 PrO.fuDcen aur Bellimmunl del' crbcutvcriD·
d....d.... Elcenochllften (III vitro UM III vivo)
a l'rtlfuncen Nt seatimmunl von RQeketlnden
• Analytlsebe PrO.funcea on biolopaeheo Materialien
9 Vlruseleb.rheltaprllfunsen

a Toxicity atu4iea

3 Mutas.nieity studie.

S Reoidue•
• Analytical .tudi•• on biolopeal material.
I Vinal validaliOD .tudi••

02.09.%006
Datum der 1JlspclnlonIDate of IDJpec:tion

(Tag Monal Jahrfdll)' month year)

Die genannle Pr1lfelnricblWlg beftndet sieh im nalio
naleo GLP.ObcrwacbllllPlOerfahren und wird regel
mlllig aufElnhailutt1 der GLP-GnmdsIta oheTWlCht.

Aufder Gl'Wldlage des InspekliODSberichtel wird hiermit
bcItIliat. dass iD dieser PrOfelnrit:blun& die oben g~
nannleD Pr1Ifunscn unter Einhaltunl der GLP· Gn!nd·
JIlzc durchgeftlbrt werden kOnnan.

The abovo montioDed test facility il included
in the national GLP Compliance Programme lDd is
inSJ*ted on a replN" buil.

Bucci on the inspccdon report it ClIl be conftnned,
thalthis test C.cility is able 10 conduccthe
aforementioned SlUdies iD compl~ with the
Principles ofGLP.

Hess. Minislerium mr Um"elt, I.DdJlcboD bum aad Verbtluehencbul7,
M.lazer StreBe SO D55119 WlcsbadcD

(Name und Adre..e del' OLP.Oberwachungsheblll'deIName and address oflhe GlP Monitoring Authonly

st4ecdr.doc
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RCC-CCR Study Number 1152200 Report 
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3 PREFACE 

3.1 General 
Title: 

Sponsor: 

Study Monitor: 

Test Facility: 

Contracting Institute: 

Reference Number: 

Page 4 of 31 

Salmonella typhimurium and Escherichia coli 
Reverse Mutation Assay with Tocotrienol 

Davos Life Science Pte. Ltd. 
Mr. CY Ho (C.0.0) 
11 Biopolis Way 
Helios #07-03/04 
138667 Singapore 
Singapore 

Davos Life Science Pte. Ltd. 
Ms. Hui Heng Foo 
c/o Miguel Servet 16 nave 17 
Elche Parque Industrial 
03203 Elche (Alicante) 
Spain 

R C C  
Cytotest Cell Research GmbH (RCC-CCR) 
In den Leppsteinswiesen 19 
64380 Rossdorf 
Germany 

R C C Ltd 
4452 ltingen 
Switzerland 

876443 

3.2 Responsibilities 

Study Director: Dipl. Biol. Andrea Sokolowski 

Deputy Study Director: Dr. Hans-Eric Wollny 

Management: Dr. Wolfgang Volkner 

Head of Quality Assurance Unit: Frauke Hermann 

3.3 Schedule 

Experimental Starting Date: 
Experimental Completion Date: 

March 27, 2008 
April 04, 2008 
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Experimental Completion Date:
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Salmonella typhimurium and Escherichia coli
Reverse Mutation Assay with Tocotrienol

Davos Life Science Pte. Ltd.
Mr. CY Ho (C.O.O)
11 Biopolis Way
Helios #07~03/04
138667 Singapore
Singapore

Davos Life Science Pte. Ltd.
Ms. Hui Heng Foo
c/o Miguel Servet 16 nave 17
Elche Parque Industrial
03203 Elche (Alicante)
Spain

RCC
Cytotest Cell Research GmbH (RCC-CCR)
In den Leppsteinswiesen 19
64380 Rossdorf
Germany

R C C Ltd
4452ltingen
Switzerland

B76443

Dip!. BioI. Andrea Sokolowski

Dr. Hans-Eric Wollny

Dr. Wolfgang V61kner

Frauke Hermann

March 27, 2008
April 04, 2008

000143
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3.4 Project Staff Signatures 

Study Director 

Management 

Page 5 of 31 

Dipl. Biol. Andrea Sokolowski 

Date: May 20, 2008 

Dr. Wolfgang Vtilkner 

................... 
Date: May 20, 2008 

3.5 Good Laboratory Practice 
The study was performed in compliance with: 

"Chemikaliengesetz" (Chemicals Act) of the Federal Republic of Germany, "Anhang 1" 
(Annex 1) dated July 25, 1994 ("BGBI. I 1994, pp. 1703), last revision dated June 27, 
2002 

"OECD Principles of Good Laboratory Practice", as revised in 1997 [C(97)186/Final] 

3.6 Guidelines 
This study followed the procedures indicated by the following internationally accepted gui- 
delines and recommendations: 

"Ninth Addendum to OECD Guidelines for Testing of Chemicals", Section 4, No. 471: 
"Bacterial Reverse Mutation Test", adopted July 21, 1997 

"Commission Directive 2000/32/EC, L1362000, Annex 4D", dated May 19, 2000 
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Dr. Wolfgang Volkner
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3.5 Good Laboratory Practice

The study was performed in compliance with:

"Chemikaliengesetz" (Chemicals Act) of the Federal Republic of Germany, "Anhang 1"
(Annex 1) dated July 25, 1994 ("BGBI. I 1994". pp. 1703). last revision dated June 27,
2002

"OECD Principles of Good Laboratory Practice", as revised in 1997 [C(97)186/FinaIJ

3.6 Guidelines

This study followed the procedures indicated by the following internationally accepted gui
delines and recommendations:

"Ninth Addendum to OECD Guidelines for Testing of Chemicals", Section 4, No. 471:
"Bacterial Reverse Mutation Test", adopted july 21, 1997

"Commission Directive 2000/32/EC, L1362000, Annex 4D". dated May 19, 2000
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Tocotrienol 

3.7 Archiving 

RCC Cytotest Cell Research GmbH will archive the following data for 15 years: 

Raw data, study plan, report, and a sample of the test item. 

No data will be discarded without the sponsor's consent. 

3.8 Deviations to Study Plan 
There were no deviations to study plan. 
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There were no deviations to study plan.
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4 STATEMENT OF COMPLIANCE 

Study Number: 

Test Item: 

Study Director: 

Title: 

1 152200 

Tocotrienol 

Dipl. Biol. Andrea Sokolowski 

Salmonella typhimuriurn and Escherichia coli 
Reverse Mutation Assay with Tocotrienol 

This study performed in the test facility of RCC Cytotest Cell Research GmbH was 
conducted in compliance with Good Laboratory Practice Regulations: 

"Chemikaliengesetz" (Chemicals Act) of the Federal Republic of Germany, "Anhang 1" 
(Annex 1) dated July 25, 1994 ("BGBI. I 1994", pp. 1703), last revision dated June 27, 
2002. 

"OECD Principles of Good Laboratory Practice", as revised in 1997 [ C(97)186/Final] 

There were no circumstances that may have affected the quality or integrity of the study. 

Study Director R C C  - C C R  
Dipl. Biol. Andrea Sokolowski 

 . . . . . . . . . . . . . . . . . . . . .  

Date: May 20, 2008 
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4 STATEMENT OF COMPLIANCE

Study Number:

Test Item:

Study Director:

Title:

1152200

Tocotrienol

Dip!. BioI. Andrea Sokolowski

Salmonella typhimurium and Escherichia coli
Reverse Mutation Assay with Tocotrienol

This study performed in the test facility of RCC Cytotest Cell Research GmbH was
conducted in compliance with Good Laboratory Practice Regulations:
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The general facilities and activities of RCC Cytotest Cell Research GmbH are inspected
periodically and the results are reported to the responsible person and the management.

Study procedures were inspected periodically. The study plan and this report were audited
by the Quality Assurance Unit. The dates are given below.
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Director and to Management

Study Plan: March 06,2008 March 06, 2008

Process Inspection
(application): March 31,2008 March 31,2008

Report: May 14,2008 May 14,2008
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6 SUMMARY OF RESULTS 
This study was performed to investigate the potential of Tocotrienol to induce gene 
mutations in the plate incorporation test (experiment I) and the pre-incubation test 
(experiment 11) using the Salmonella typhimurium strains TA 1535, TA 1537, TA 98, and 
TA 100, and the Escherichia coli strain WP2 uvrA. 

The assay was performed in two independent experiments both with and without liver 
microsomal activation. Each concentration, including the controls, was tested in triplicate. 
The test item was tested at the following concentrations: 

Pre-ExperimentlExperiment I: 3, 10; 33; 100; 333; 1000; 2500; and 5000 pglplate 

Experiment It: 33; 100; 333; 1000; 2500; and 5000 pgiplate 

The plates incubated with the test item showed normal background growth up to 
5000 pg/plate with and without metabolic activation in both independent experiments. 

No toxic effects, evident as a reduction in the number of revertants, occurred in the test 
groups with and without metabolic activation. The slight reduction in the number of 
revertants in strain TA 1537 at 333 pg/plate without S9 mix in experiment I I ,  is judged to 
be based on biologically irrelevant fluctuations in the number of colonies and does not 
represent a true toxic effect. 

No substantial increase in revertant colony numbers of any of the five tester strains was 
observed following treatment with Tocotrienol at any dose level, neither in the presence 
nor absence of metabolic activation (S9 mix). There was also no tendency of higher muta- 
tion rates with increasing concentrations in the range below the generally acknowledged 
border of biological relevance. 

Appropriate reference mutagens were used as positive controls and showed a distinct in- 
crease of induced revertant colonies. 

6.1 Conclusion 
In conclusion, it can be stated that during the described mutagenicity test and under the 
experimental conditions reported, the test item did not induce gene mutations by base pair 
changes or frameshifts in the genome of the strains used. 

Therefore, Tocotrienol is considered to be non-mutagenic in this Salmonella typhimurium 
and Escherichia coli reverse mutation assay, 
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This study was performed to investigate the potential of Tocotrienol to induce gene
mutations in the plate incorporation test (experiment I) and the pre-incubation test
(experiment II) using the Salmonella typhimurium strains TA 1535, TA 1537, TA 98, and
TA 100, and the Escherichia coli strain WP2 uvrA.

The assay was performed in two independent experiments both with and without liver
microsomal activation. Each concentration, including the controls, was tested in triplicate.
The test item was tested at the following concentrations:

Pre-ExperimenUExperiment I:

Experiment II:

3, 10; 33; 100; 333; 1000; 2500; and 5000 IJg/plate

33; 100; 333; 1000; 2500; and 5000 IJg/plate

The plates incubated with the test Item showed normal background growth up to
5000 IJg/plate with and without metabolic activation in both independent experiments.

No toxic effects, evident as a reduction in the number of revertants, occurred in the test
groups with and without metabolic activation. The slight reduction in the number of
revertants in strain TA 1537 at 333 IJg/plate without S9 mix in experiment f1, Is jUdged to
be based on biologically irrelevant fluctuations in the number of colonies and does not
represent a true toxic effect.

No substantial increase in revertant colony numbers of any of the five tester strains was
observed following treatment with Tocotrienol at any dose level, neither in the presence
nor absence of metabolic activation (S9 mix). There was also no tendency of higher muta
tion rates with increasing concentrations in the range below the generally acknowledged
border of biological relevance.

Appropriate reference mutagens were used as positive controls and showed a distinct in
crease of induced revertant colonies.

6.1 Conclusion

In conclusion, it can be stated that during the described mutagenicity test and under the
experimental conditions reported, the test item did not induce gene mutations by base pair
changes or frameshifts in the genome of the strains used.

Therefore, Tocotrienol is considered to be non-mutagenic in this Salmonella typhimurium
and Escherichia coli reverse mutation assay.
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7 OBJECTIVE 

7.1 Aims of the Study 
The experiments were performed to assess the potential of the test item to induce gene 
mutations by means of two independent Salmonella tjphimurium and Escherichia coli 
reverse mutation assays. Experiment I was performed as a plate incorporation assay. 
Since a negative result was obtained in this experiment, experiment II was performed as a 
pre-incubation assay. 

7.2 Reasons for the Study 
The most widely used assays for detecting gene mutations are those using bacteria (3). 
They are relatively simple and rapid to perform, and give reliable data on the ability of an 
agent to interact with DNA and produce mutations. 

Reverse mutation assays determine the frequency with which an agent reverses or 
suppresses the effect of the foward mutation. The genetic target presented to an agent is 
therefore small, specific and selective. Several bacterial strains, or a single strain with 
multiple markers are necessary to overcome the effects of mutagen specificity. The 
reversion of bacteria from growth-dependence on a particular amino acid to growth in the 
absence of that amino acid (reversion from auxotrophy to prototrophy) is the most widely 
used marker. 

The Salmonella typhimurium histidine (his) and the E. coli tryptophan (trp) reversion sy- 
stem measures his' -+ his' and trp- + trp' reversions, respectively. The S. typhimurium 
and Escherichia coli strains are constructed to differentiate between base pair (TA 1535, 
TA 100, and WP2 uvrA) and frameshift (TA 1537, TA 98) mutations. 

According to the direct plate incorporation or the pre-incubation method the bacteria are 
exposed to the test item with and without metabolic activation and plated on selective 
medium. After a suitable period of incubation, revertant colonies are counted. 

To establish a dose response effect at least 6 dose levels with adequately spaced intervals 
were tested. The maximum dose level was 5000 pglplate. 

To validate the test, reference mutagens were tested in parallel to the test item, 
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The experiments were performed to assess the potential of the test item to induce gene
mutations by means of two independent Salmonella typhimurium and Escherichia coli
reverse mutation assays. Experiment I was performed as a plate incorporation assay.
Since a negative result was obtained in this experiment, experiment II was performed as a
pre-incubation assay.

7.2 Reasons for the Study

The most widely used assays for detecting gene mutations are those using bacteria (3).
They are relatively simple and rapid to perform, and give reliable data on the ability of an
agent to interact with DNA and produce mutations.

Reverse mutation assays determine the frequency with which an agent reverses or
suppresses the effect of the forward mutation. The genetic target presented to an agent is
therefore small, specific and selective. Several bacterial strains, or a single strain with
multiple markers are necessary to overcome the effects of mutagen specificity. The
reversion of bacteria from growth-dependence on a particular amino acid to growth in the
absence of that amino acid (reversion from auxotrophy to prototrophy) is the most widely
used marker.

The Salmonella typhimurium histidine (his) and the E. coli tryptophan (trp) reversion sy
stem measures his' ~ his+ and trp· ~ trp+ reversions, respectively. The S. typhimurium
and Escherichia coli strains are constructed to differentiate between base pair (TA 1535,
TA 100, and WP2 uvrA) and frameshift (TA 1537, TA 98) mutations.

According to the direct plate incorporation or the pre-incubation method the bacteria are
exposed to the test item with and without metabolic activation and plated on selective
medium. After a suitable period of incubation, revertant colonies are counted.

To establish a dose response effect at least 6 dose levels with adequately spaced intervals
were tested. The maximum dose level was 5000 IJg/plate.

To validate the test, reference mutagens were tested in parallel to the test item.
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8 MATERIALS AND METHODS 

8.1 Test Item 

internal RCC-CCR Test Item Number: S8318 11 

The test item and the information concerning the test item were provided by the 
sponsor. 

Identity: Tocotrienol 

Batch No.: A0601 560 

Purity: Total Tocotrienols and Tocopherols 59.4 

Stability in Solvent: Not indicated by the sponsor 

Storage: 

Expiration Date: 

At room temperature, light and heat protected, 

Not indicated by the sponsor 

On the day of the experiment, the test item Tocotrienol was dissolved in ethanol (MERCK, 
D-64293 Darmstadt; purity > 99 %). The solvent was chosen because of its solubility 
properties and its relative non-toxicity to the bacteria (5). 

The test item precipitated in the test tubes from 1000 up to 5000 in experiment I and from 
2500 up to 5000 pglplate in experiment It. Precipitation was also observed on the agar 
plates from 2500 up to 5000 pg/plate in both experiments. 
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8 MATERIALS AND METHODS

8.1 Test Item

Internal RCC-CCR Test Item Number: S8318 11

The test item and the information concerning the test item were provided by the
sponsor.

Identity:

Batch No.:

Purity:

Stability in Solvent:

Storage:

Expiration Date:

Tocotrienol

A0601560

Total Tocotrienols and Tocopherols 59.4

Not indicated by the sponsor

At room temperature, light and heat protected,

Not indicated by the sponsor

On the day of the experiment, the test item Tocotrienol was dissolved in ethanol (MERCK,
D-64293 Darmstadt; purity> 99 %). The solvent was chosen because of its solubility
properties and its relative non-toxicity to the bacteria (5).

The test item precipitated in the test tubes from 1000 up to 5000 in experiment I and from
2500 up to 5000 IJg/plate in experiment II. Precipitation was also observed on the agar
plates from 2500 up to 5000 tJg/plate in both experiments.
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8.2 Controls 

8.2.1 Negative Controls 

Concurrent untreated and solvent controls were performed. 

8.2.2 Positive Control Substances 

Without metabolic activation 

Strains: 
Name: 
Supplier: 
Catalogue No.: 
Purity: 
Dissolved in: 
Concentration: 

Strains: 
Name: 
Supplier: 
Catalogue No.: 
Purity: 
Dissolved in: 
Concentration: 

Strain: 
Name: 
Supplier: 
Catalogue No.: 
Purity: 
Dissolved in: 
Concentration: 

With metabolic activation 

Strains: 
Name: 
Supplier: 
Catalogue No.: 
Purity: 
Dissolved in: 
Concentration: 

TA 1535, TA 100 
sodium azide, NaN3 
SERVA, D-69042 Heidelberg 
30175 
at least 99 % 
water deionised 
10 pg/plate 

TA 1537, TA 98 
4-nitro-o-phenylene-diamine, 4-NOPD 
SIGMA, D-82041 Deisenhofen 
N 9504 
’ 99.9 % 
DMSO (MERCK, D-64293 Darmstadt; purity > 99 %) 
10 vg/plate in TA 98, 50 pg/plate in TA 1537 

WP2 uvrA 
methyl methane sulfonate, MMS 
Merck-Schuchardt, D-85662 Hohenbrunn 
820775 
> 99.0 % 
water deionised 
3 puplate 

TA 1535, TA 1537, TA 98, TA 100, WP2 uvrA 
2-aminoanthracene, 2-AA 
SIGMA, D-82041 Deisenhofen 
A 1381 
97.5 % 
DMSO (MERCK, D-64293 Darmstadt; purity > 99 %) 
2.5 pg/plate (TA 1535, TA 1537, TA 98, TA loo), 
10 pg/plate (WP2 uvrA) 

The stability of the positive control substances in solution is unknown but a mutagenic 
response in the expected range is sufficient evidence of biological stability. 
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8.2.1 Negative Controls

Concurrent untreated and solvent controls were performed.

8.2.2 Positive Control Substances

Without metabolic activation

Strains:
Name:
Supplier:
Catalogue No.:
Purity:
Dissolved in:
Concentration:

Strains:
Name:
Supplier:
Catalogue No.:
Purity:
Dissolved in:
Concentration:

Strain:
Name:
Supplier:
Catalogue No.:
Purity:
Dissolved in:
Concentration:

With metabolic activation

Strains:
Name:
Supplier:
Catalogue No.:
Purity:
Dissolved in:
Concentration:

TA 1535, TA 100
sodium azide, NaN3
SERVA, D-69042 Heidelberg
30175
at least 99 %
water deionised
10 IJg/plate

TA 1537, TA 98
4-nitro-o-phenylene-diamine, 4-NOPD
SIGMA, D-82041 Deisenhofen
N 9504
> 99.9 %
DMSO (MERCK, D-64293 Darmstadt; purity> 99 %)
10 IJg/plate in TA 98, 50 (Jg/plate in TA 1537

WP2 uvrA
methyl methane sulfonate, MMS
Merck-Schuchardt, D-85662 Hohenbrunn
820775
> 99.0 %
water deionised
3 (JUplate

TA 1535, TA 1537, TA 98, TA 100, WP2 uvrA
2-aminoanthracene, 2-AA
SIGMA, D-82041 Deisenhofen
A 1381
97.5 %
DMSO (MERCK, D-64293 Darmstadt; purity> 99 %)
2.5lJg/plate (TA 1535, TA 1537, TA 98, TA 100),
10 IJg/plate (WP2 uvrA)

The stability of the positive control substances in solution is unknown but a mutagenic
response in the expected range is sufficient evidence of biological stability.
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TA 100 

nts G m/a; rra ; uvrt) : 
his D 3052; rfa’; uvrB’;R-factor 
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8.3 Test System 

8.3.1 Characterisation of the Salmonella typhimurium Strains and E. coli 
Strain 

The histidine dependent strains are derived from S. typhimurium strain LT2 through a 
mutation in the histidine locus. Additionally due to the “deep rough“ (rfa-minus) mutation 
they possess a faulty lipopolysaccharide envelope which enables substances to penetrate 
the cell wall more easily. A further mutation causes a reduction in the activity of an 
excision repair system. The latter alteration includes mutational processes in the nitrate 
reductase and biotin genes produced in a UV-sensitive area of the gene named “uvrB-mi- 
nus”. In the strains TA 98 and TA 100 the R-factor plasmid pKM 101 carries the ampicillin 
resistance marker (6). 

Strain WP2 (4) and its derivatives all carry the same defect in one of the genes for 
tryptophan biosynthesis. Tryptophan-independent (Trp’) mutants (revertants) can arise 
either by a base change at the site of the original alteration or by a base change 
elsewhere in the chromosome so that the original defect is suppressed. This second 
possibility can occur in several different ways so that the system seems capable of 
detecting all types of mutagen which substitute one base for another. Additionally, the 
uvrA derivative is deficient in the DNA repair process (excision repair damage). Such a 
repair-deficient strain may be more readily mutated by agents. 

When summarised the mutations of the TA strains and the E. coli strain, used in this study 
can be described as follows: 

Salmonella tmhimurium 1 
I Tvne of mutations indicated I 

.. .I-.-, I 

Escherichia coli 
WP2 uvrA I trp-: uvrA: 1 base-pair substitutions and others 

Regular checking of the properties of the strains regarding the membrane permeability 
and ampicillin resistance as well as spontaneous mutation rates is performed in RCC 
Cytotest Cell Research GmbH according to B. Ames et al. (1) and D. Maron and B. Ames 
(6). In this way it was ensured that the experimental conditions set down by Ames were 
fulfilled. 

The bacterial strains TA 1535, TA 1537, TA 98, TA 100, and WP2 uvrA were obtained 
from Trinova Biochem GrnbH (35394 Gieaen, Germany). 

s4c2d r. doc 

RCC-CCR Study Number 1152200
Tocotrienol

8.3 Test System

Report Page 13 of 31

8.3.1 Characterisation of the Salmonella typhimurium Strains and E. coli
Strain

The histidine dependent strains are derived from S. typhimurium strain LT2 through a
mutation in the histidine locus. Additionally due to the "deep rough" (rfa-minus) mutation
they possess a faulty lipopolysaccharide envelope which enables substances to penetrate
the cell wall more easily. A further mutation causes a reduction in the activity of an
excision repair system. The latter alteration includes mutational processes in the nitrate
reductase and biotin genes produced in a UV-sensitive area of the gene named "uvrB-mi
nus". In the strains TA 98 and TA 100 the R-factor plasmid pKM 101 carries the ampicillin
resistance marker (6).

Strain WP2 (4) and its derivatives all carry the same defect in one of the genes for
tryptophan biosynthesis. Tryptophan-independent (Trp+) mutants (revertants) can arise
either by a base change at the site of the original alteration or by a base change
elsewhere in the chromosome so that the original defect is suppressed. This second
possibility can occur in several different ways so that the system seems capable of
detecting all types of mutagen which substitute one base for another. Additionally, the
uvrA derivative is deficient in the DNA repair process (excision repair damage). Such a
repair-deficient strain may be more readily mutated by agents.

When summarised the mutations of the TA strains and the E. coli strain, used in this study
can be described as follows:

Salmonella typhimurium
Strains Genotype Type of mutations indicated
TA 1537 his C 3076; rfa"; uvrB": frame shift mutations
TA 98 his 0 3052; rfa"; uvrB';R-factor " "
TA 1535 his G 46; rfa"; uvrB": base-pair substitutions
TA 100 his G 46' rfa"; uvrB";R·factor " "

Escherichia coli
WP2 uvrA trp"; uvrA": base-pair substitutions and others

Regular checking of the properties of the strains regarding the membrane permeability
and ampicillin resistance as well as spontaneous mutation rates is performed in ReC
Cytotest Cell Research GmbH according to B. Ames et al. (1) and D. Maron and B. Ames
(6). In this way it was ensured that the experimental conditions set down by Ames were
fulfilled.

The bacterial strains TA 1535, TA 1537, TA 98, TA 100, and WP2 uvrA were obtained
from Trinova Biochem GmbH (35394 Gief!>en, Germany).
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8.3.2 Storage 

The strain cultures were stored as stock cultures in ampoules with nutrient broth 
+ 5 % DMSO (MERCK, D-64293 Darmstadt) in liquid nitrogen. 

8.3.3 Precultures 

From the thawed ampoules of the strains 0.5 mL suspension was transferred into 250 mL 
Erlenmeyer flasks containing 20 mL nutrient medium. A solution of 20 pL ampicillin 
(25 pg/mL) was added to the strains TA 98 and TA 100. This nutrient medium contains per 
litre: 

8 g Merck Nutrient Broth (MERCK, 0-64293 Darmstadt) 
5 g NaCl (MERCK, 0-64293 Darmstadt) 

The bacterial cultures were incubated in a shaking water bath for 4 hours at 37" C. 

8.3.4 Selective Agar 

The plates with the selective agar were obtained from E. Merck, D-64293 Darmstadt. 

8.3.5 Overlay Agar 

The overlay agar contains per litre: 

for Salmonella strains: for Escherichia coli: 

6.0 g MERCK Agar Agar* 6.0 g MERCK Agar Agar* 
6.0 g NaCI* 6.0 g NaCI* 

10.5 mg L-HistidinexHClxH20* 
12.2 mg Biotin" 

2.5 mg Tryptophan* 

* (MERCK, 0-64293 Darmstadt) 

Sterilisations were performed at 12Io C in an autoclave. 
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The strain cultures were stored as stock cultures in ampoules with nutrient broth
+ 5 % DMSO (MERCK, D-64293 Darmstadt) in liquid nitrogen.

8.3.3 Precultures

From the thawed ampoules of the strains 0.5 ml suspension was transferred into 250 ml
Erlenmeyer flasks containing 20 ml nutrient medium. A solution of 20 III ampicillin
(25Ilg/ml) was added to the strains TA 98 and TA 100. This nutrient medium contains per
litre:

B g Merck Nutrient Broth (MERCK, 0-64293 Darmstadt)
5 g NaCI (MERCK, 0-64293 Darmstadt)

The bacterial cultures were incubated in a shaking water bath for 4 hours at 37''' C.

8.3.4 Selective Agar

The plates with the selective agar were obtained from E. Merck, D-64293 Darmstadt.

8.3.5 Overlay Agar

The overlay agar contains per litre:

for Salmonella strains:

6.0 g MERCK Agar Agar'"
6.0 9 NaCI'"

10.5 mg l-HistidinexHClxH20'"
12.2mg Biotin'"

... (MERCK, D-64293 Darmstadt)

for Escherichia coli:

6.0 g MERCK Agar Agar'"
6.0 g NaCI'"
2.5 mg Tryptophan'"

Sterilisations were performed at 121 0 C in an autoclave.
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8.4 Mammalian Microsomal Fraction S9 Mix 

The bacteria used in this assay do not possess the enzyme systems which, in mammals, 
are known to convert promutagens into active DNA damaging metabolites. In order to 
overcome this major drawback an exogenous metabolic system is added in form of 
mammalian microsome enzyme activation mixture. 

8.4.1 S9(Preparation by R C  C - C C R) 

Phenobarbitallp-Naphthoflavone induced rat liver S9 is used as the metabolic activation 
system. The S9 is prepared from 8 - 12 weeks old male Wistar Hanlbm rats, weight 
approx. 220 - 320 g induced by applications of 80 mg/kg b.w. Phenobarbital i.p. (Desitin; 
0-22335 Hamburg) and p-Naphthoflavone p.0. (Aldrich, D-89555 Steinheim) each on 
three consecutive days. The livers are prepared 24 hours after the last treatment. The S9 
fractions are produced by dilution of the liver homogenate with a KCI solution (1+3) 
followed by centrifugation at 9000 g. Atiquots of the supernatant are frozen and stored in 
ampoules at -80' C. Small numbers of the ampoules can be kept at -20°C for up to one 
week. Each batch of S9 mix is routinely tested with 2-aminoanthracene as well as 
benzo(a)pyrene. 

The protein concentration in the S9 preparation was 32.5 mg/mL (lot no. R 010208). 

8.4.2 S9 Mix 

Before the experiment an appropriate quantity of S9 supernatant was thawed and mixed 
with S9 co-factor solution. The amount of S9 supernatant was 10% vlv in the S9 mix. 
Cofactors are added to the S9 mix to reach the following concentrations in the S9 mix: 

8 mM MgClz 

5 mM Glucose-&phosphate 
5 m M  NADP 

33mM KCI 

in 100 mM sodium-ortho-phosphate-buffer, pH 7.4. 

During the experiment the S9 mix was stored in an ice bath. The S9 mix preparation was 
performed according to Ames et al.(l). 
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8.4 Mammalian Microsomal Fraction 59 Mix

The bacteria used in this assay do not possess the enzyme systems which, in mammals,
are known to convert promutagens into active DNA damaging metabolites. In order to
overcome this major drawback an exogenous metabolic system is added in form of
mammalian microsome enzyme activation mixture.

8.4.1 59 (Preparation by R C C - C C R)

Phenobarbital/13-Naphthoflavone induced rat liver 89 is used as the metabolic activation
system. The S9 is prepared from 8 - 12 weeks old male Wistar Hanlbm rats, weight
approx. 220 - 320 g induced by applications of 80 mg/kg b.w. Phenobarbital Lp. (Desitin;
0-22335 Hamburg) and 13-Naphthoflavone p.o. (Aldrich, D-89555 8teinheim) each on
three consecutive days. The livers are prepared 24 hours after the last treatment. The S9
fractions are produced by dilution of the fiver homogenate with a KCI solution (1 +3)
followed by centrifugation at 9000 g. Aliquots of the supernatant are frozen and stored in
ampoules at -80° C. Small numbers of the ampoules can be kept at -20°C for up to one
week. Each batch of 89 mix is routinely tested with 2-aminoanthracene as well as
benzo(a)pyrene.

The protein concentration in the 89 preparation was 32.5 mg/mL (lot no. R 010208).

8.4.2 59 Mix

Before the experiment an appropriate quantity of 89 supernatant was thawed and mixed
with S9 co-factor solution. The amount of S9 supernatant was 10% v/v in the 89 mix.
Cofactors are added to the 89 mix to reach the following concentrations in the 89 mix:

8 mM MgCI2

33mM KC!
5 mM Glucose-6-phosphate
5 mM NADP

in 100 mM sodium-ortho-phosphate-buffer, pH 7.4.

During the experiment the 89 mix was stored in an ice bath. The 89 mix preparation was
performed according to Ames et al.(1).
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8.5 Pre-Experiment for Toxicity 
To evaluate the toxicity of the test item a pre-experiment was performed with strains 
TA 1535, TA 1537, TA 98, TA 100, and WP2 uvrA. Eight concentrations were tested for 
toxicity and mutation induction with three plates each. The experimental conditions in this 
pre-experiment were the same as described below for the experiment I (plate incorporation 
test). 

Toxicity of the test item results in a reduction in the number of spontaneous revertants or a 
clearing of the bacterial background lawn. 

The pre-experiment is reported as main experiment I, if the following criteria are met: 

Evaluable plates (>O colonies) at five concentrations or more in all strains used. 

8.6 Dose Selection 
In the pre-experiment the concentration range of the test item was 3 - 5000 pg/plate. The 
pre-experiment is reported as experiment I .  Since no toxic effects were observed 
5000 pg/plate were chosen as maximal concentration. 

The concentration range included two logarithmic decades. The following concentrations 
were tested in experiment 11: 

33; 100; 333; 1000; 2500; and 5000 pg/plate 

8.7 Experimental Performance 
For each strain and dose level including the controls, three plates were used. 

The following materials were mixed in a test tube and poured onto the selective agar 
plates: 

100 pL Test solution at each dose level, solvent (negative control) or reference mutagen 

500 pL S9 mix (for test with metabolic activation) or S9 mix substitution buffer (for test 

100 pL Bacteria suspension (cf. test system, pre-culture of the strains), 

solution (positive control), 

without metabolic activation), 

2000 pL Overlay agar 

In the pre-incubation assay 50 pL test solution, 100 pL reference mutagen solution 
(positive control), 500 pL S9 mix / S9 mix substitution buffer and 100 pL bacterial 
suspension were mixed in a test tube and shaken at 37" C for 60 minutes. After pre- 
incubation 2.0 mL overlay agar (45" C) was added to each tube. The mixture was poured 
on selective agar plates. 

After solidification the plates were incubated upside down for at least 48 hours at 37" C in 
the dark (2). 

, .' 
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To evaluate the toxicity of the test item a pre-experiment was performed with strains
TA 1535, TA 1537, TA 98, TA 100, and WP2 uvrA. Eight concentrations were tested for
toxicity and mutation induction with three plates each. The experimental conditions in this
pre-experiment were the same as described below for the experiment I (plate incorporation
test).

Toxicity of the test item results in a reduction in the number of spontaneous revertants or a
clearing of the bacterial background lawn.

The pre-experiment is reported as main experiment I, if the folloWing criteria are met:

Evaluable plates (>0 colonies) at five concentrations or more in all strains used.

8.6 Dose Selection

In the pre-experiment the concentration range of the test item was 3 - 5000 IJg/plate. The
pre-experiment is reported as experiment I. Since no toxic effects were observed
5000 IJg/plate were chosen as maximal concentration.

The concentration range included two logarithmic decades. The following concentrations
were tested in experiment If:

33; 100; 333; 1000; 2500; and 5000 IJg/plate

8.7 Experimental Performance

For each strain and dose level including the controls, three plates were used.

The following materials were mixed in a test tube and poured onto the selective agar
plates:

100 IJL Test solution at each dose level, solvent (negative control) or reference mutagen
solution (positive control),

500 IJL 59 mix (for test with metabolic activation) or 59 mix substitution buffer (for test
without metabolic activation),

100 J.lL Bacteria suspension (cf. test system, pre-culture of the strains),

2000 J.lL Overlay agar

In the pre-inCUbation assay 50 J.lL test solution, 100 IJL reference mutagen solution
(positive control), 500 IJL 59 mix I 59 mix substitution buffer and 100 IJL bacterial
suspension were mixed in a test tube and shaken at 37" C for 60 minutes. After pre
incubation 2.0 mL overlay agar (45 0 C) was added to each tube. The mixture was poured
on selective agar plates.

After solidification the plates were incubated upside down for at least 48 hours at 3r C in
the dark (2).
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8.8 Data Recording 
The colonies were counted using the Petri Viewer Mk2 (Perceptive Instruments Ltd, 
Suffolk CB 7BN, UK) with the software program Ames Study Manager. The counter was 
connected to an IBM AT compatible PC with printer to print out the individual values and 
the means from the plates for each concentration together with standard deviations and 
enhancement factors as compared to the spontaneous reversion rates (see tables of 
results). Due to precipitation of the test item the revertant colonies were partly counted 
manually. 

8.9 Acceptability of the Assay 
The Salmonella typhimurium and Escherichia coli reverse mutation assay is considered 
acceptable if it meets the following criteria: 

- 
- 

regular background growth in the negative and solvent control 

the spontaneous reversion rates in the negative and solvent control are in the range of 
our historical data 

the positive control substances should produce a significant increase in mutant colony 
frequencies 

- 

8.10 Evaluation of Results 
A test item is considered as a mutagen if a biologically relevant increase in the number of 
revertants exceeding the threshold of twice (strains TA 98, TA 100, and WP2 uvrA) or 
thrice (strains TA 1535 and TA 1537) the colony count of the corresponding solvent control 
is observed (3). 

A dose dependent increase is considered biologically relevant if the threshold is exceeded 
at more than one concentration (2). 

An increase exceeding the threshold at only one concentration is judged as biologically 
relevant if reproduced in an independent second experiment. 

A dose dependent increase in the number of revertant colonies below the threshold is 
regarded as an indication of a mutagenic potential if reproduced in an independent second 
experiment. However, whenever the colony counts remain within the historical range of 
negative and solvent controls such an increase is not considered biologically relevant. 

8.11 Biometry 
According to the OECD guideline 471, a statistical analysis of the data is not mandatory. 
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The colonies were counted using the Petri Viewer Mk2 (Perceptive Instruments Ltd,
Suffolk CB 7BN, UK) with the software program Ames Study Manager. The counter was
connected to an IBM AT compatible PC with printer to print out the individual values and
the means from the plates for each concentration together with standard deviations and
enhancement factors as compared to the spontaneous reversion rates (see tables of
results). Due to precipitation of the test item the revertant colonies were partly counted
manually.

8.9 Acceptability of the Assay

The Salmonella typhimurium and Escherichia coli reverse mutation assay is considered
acceptable if it meets the following criteria:

regular background growth in the negative and solvent control

the spontaneous reversion rates in the negative and solvent control are in the range of
our historical data

the positive control substances should produce a significant increase in mutant colony
frequencies

8.10 Evaluation of Results

A test item is considered as a mutagen if a biologically relevant increase in the number of
revertants exceeding the threshold of twice (strains TA 98, TA 100, and WP2 uvrA) or
thrice (strains TA 1535 and TA 1537) the colony count of the corresponding solvent control
is observed (3).

A dose dependent increase is considered biologically relevant if the threshold is exceeded
at more than one concentration (2).

An increase exceeding the threshold at only one concentration is jUdged as biologically
relevant if reproduced in an independent second experiment.

A dose dependent increase in the number of revertant colonies below the threshold is
regarded as an indication of a mutagenic potential if reproduced in an independent second
experiment. However, whenever the colony counts remain within the historical range of
negative and solvent controls such an increase is not considered biologically relevant.

8.11 Biometry

According to the OECD guideline 471, a statistical analysis of the data is not mandatory.
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9 DISCUSSION OF RESULTS 
The test item Tocotrienol was assessed for its potential to induce gene mutations in the 
plate incorporation test (experiment I) and the pre-incubation test (experiment 11) using 
Salmonella typhimurium strains TA 1535, TA 1537, TA 98, and TA 100, and the Escheri- 
chia coli strain WP2 uvrA. 

The assay was performed in two independent experiments both with and without liver 
microsomal activation. Each concentration and the controls were tested in triplicate. The 
test item was tested at the following concentrations: 

Pre-Experiment/Experiment I: 3, 10; 33; 100; 333; 1000; 2500; and 5000 pg/plate 

Experiment II: 33; 100; 333; 1000; 2500; and 5000 pg/plate 

The plates incubated with the test item showed normal background growth up to 
5000 pg/plate with and without S9 mix in both experiments. 

No toxic effects, evident as a reduction in the number of revertants, occurred in the test 
groups with and without metabolic activation. The slight reduction in the number of 
revertants in strain TA 1537 at 333 pg/piate without S9 mix in experiment II, is judged to 
be based on biologically irrelevant fluctuations in the number of colonies and does not 
represent a true toxic effect. 

No substantial increase in revertant colony numbers of any of the five tester strains was 
observed following treatment with Tocotrienol at any dose level, neither in the presence 
nor absence of metabolic activation (S9 mix). There was also no tendency of higher muta- 
tion rates with increasing concentrations in the range below the generally acknowledged 
border of biological relevance. 

Appropriate reference mutagens were used as positive controls. They showed a distinct in- 
crease of induced revertant colonies. 

In conclusion, it can be stated that during the described mutagenicity test and under the 
experimental conditions reported, the test item did not induce gene mutations by base pair 
changes or frameshifts in the genome of the strains used. 
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The test item Tocotrienol was assessed for its potential to induce gene mutations in the
plate incorporation test (experiment I) and the pre-incubation test (experiment II) using
Salmonella typhimurium strains TA 1535, TA 1537, TA 98, and TA 100, and the Escheri
chia coli strain WP2 uvrA.

The assay was performed in two independent experiments both with and without liver
microsomal activation. Each concentration and the controls were tested in triplicate. The
test item was tested at the following concentrations:

Pre-Experiment/Experiment I:

Experiment II:

3, 10; 33; 100; 333; 1000; 2500; and 5000 J,Jg/plate

33; 100; 333; 1000; 2500; and 5000 J,Jg/plate

The plates incubated with the test item showed normal background growth up to
5000 J,Jg/plate with and without S9 mix in both experiments.

No toxic effects, evident as a reduction in the number of revertants, occurred in the test
groups with and without metabolic activation. The slight reduction in the number of
revertants in strain TA 1537 at 333 J,Jg/plate without S9 mix in experiment II, is judged to
be based on biologically irrelevant fluctuations in the number of colonies and does not
represent a true toxic effect.

No substantial increase in revertant colony numbers of any of the five tester strains was
observed following treatment with Tocotrienol at any dose level, neither in the presence
nor absence of metabolic activation (S9 mix). There was also no tendency of higher muta
tion rates with increasing concentrations in the range below the generally acknowledged
border of biological relevance.

Appropriate reference mutagens were used as positive controls. They showed a distinct in
crease of induced revertant colonies.

In conclusion, it can be stated that during the described mutagenicity test and under the
experimental conditions reported, the test item did not induce gene mutations by base pair
changes or frameshifts in the genome of the strains used.
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12 SUMMARY OF RESULTS 

12.1 Summary of Results Pre-Experiment and Experiment I 
Study Name: 1152200 
Experiment: 11 52200 W Plate 
Assay Conditicns: 

Metabolic Test 
Activation Grouo 

Without Ethanol 
Activation Untreated 

Tocotrienol 

NaN3 
4-NOPD 
4-NOPD 
MMS 

With Ethanol 
Activation Untreated 

Tocotrienol 

2-AA 

2-AA 

Study Code: RCC-CCR 1152200 
Date Plated: 27/03/2008 
Date Counted: 31/03/2008 

Dose Level Revertant Colony Counts (Mean fSD) 

TA1535 TA1537 TAIOO WP2 uvrA 

1 7 f 2  
1 8 f 4  
1 3 f 3  
1 5 f 3  
1 6 f 6  
1 7 f 4  
1 6 f 3  
1 5 f 2  
1 4 f 3 P M  
12 f 3 P M  
2135 f 78 

22h5  
2 3 f 4  
2 3 i 5  
1 7 f 4  
21 f3 
24 f 7 
23 f 7 
28 f 5 
15 f 3PM 
1 5 f l P M  
298 f 25 

1 5 f 7  
21 f6 
1 7 f 3  
16 f 4  
1 7 i 4  
1 4 f 2  
16f3 
1 3 f 2  
1 4 f 2 P M  
12 f 3 P M  

1 1 2 f 2  

2 2 k 8  
22*2 
2 6 k 5  
2 2 f 7  
18f7 
1 9 f 3  

22 * 4  
14 f 2 P M  
16 f 4 P M  
278 f 58 

2 3 f 6  

3 3 f  12 
2 9 f 2  
40f5 
38 f 6 
31 f 3  
3 5 f 2  
34 f 8 
37 f 10 
2 9 f 6 ' M  
28 f 4 P M  

377 f 51 

4 5 f 1 0  
51 f 1 0  
47 f I 1  
39 f 11 
46 f 7 
44 * 6  
4 8 f 8  
4 6 f 5  
39*5PM 
3 4 f 7 P M  
1375 f 
278 

107 f 14 
1 2 4 f 3  
105f 11 
106 f 16 
116k5 
11Of11 
1 1 3 f 4  
113k2 
106 f G P M  
103 f 11 P M  

2494 f 85 

122 f 10 
157 f 22 
1 2 8 f 7  
1 2 3 f 5  
126 f 6 
1 1 7 f l l  
119 f14  
122 f 26 
120 f 22 
117 f  12PM 
1618 f 67 

47f8 
4 7 f 5  
43*5  
45f4 
4 0 f 2  
5 0 f 7  
4 4 i a  
4 4 f 3  
4 5 f 5 P M  
42 f 3PM 

1203 f 131 

6 7 f  10 
66 f 5 
6 6 f 1 1  
57f3 
5 6 f 6  
55 f 5 
61 f 4  
56 f 1 
4 9 f  I;? 
4 8 f 2  

248 f 33 

Key to Positive Controls Key to Plate Postf~x Codes 

NaN3 sodium azide 
2-AA 2-aminoanthracene 
4-NOPD 4-nitro-0-phenylene-diamine 
MMS methyl methane sulfonate 

P Precipitate 
M Manual count 
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12 SUMMARY OF RESULTS

12.1 Summary of Results Pre-Experiment and Experiment I

Study Name: 1152200 Study Code: RCC-CCR 1152200
Experiment: 1152200 W Plate Date Plated: 27/03/2008
Assay Conditions: Date Counted: 31/03/2008

Metabolic Test Dose Level Revertant Colony Counts (Mean ±SD)
Activation Group (ug/plate)

TA 1535 TA 1537 TA98 TA 100 WP2 uvrA

Without Ethanol 17 ± 2 15 ±7 33 ± 12 107:1: 14 47:1:8
Activation Untreated 18 ±4 21:t6 29± 2 124±3 47±5

TocotrienoJ 31J9 13 :1:3 17 :1:3 40±5 105:1: 11 43:1:5
10 1J9 15:1: 3 16 :1:4 38 :1:6 106:1: 16 45:1:4
331J9 l6±6 17:1:4 31 ± 3 116:1: 5 40:1:2
100 1J9 17 :1:4 14 :1:2 35:1:2 110:1:11 50:1:7
3331J9 16 :1:3 16 :1:3 34 :1:8 113 :1:4 44:1:8
1000 1J9 15:1: 2 13 :1:2 37:1: 10 113:1: 2 44:1:3
2500 1J9 14±3 PM 14 ± 2 PM 29:1:6 PM 106±6PM 45± SPM

5000 1J9 12:1: 3 PM 12:1: 3 P M 28 ± 4 PM 103 ± 11 PM 42 ± 3 PM

NaN3 10 1J9 2135 ± 78 2494 :1:85
4-NOPD 10 1J9 377 ± 51
4-NOPD 50 1J9 112 ± 2
MMS 3.0 IJL 1203 ± 131

With Ethanol 22± 5 22±8 45 ± 10 122:1: 10 67 ± 10
Activation Untreated 23±4 22 ±2 51 ± 10 157 :1:22 66:1:5

Tocotrienol 31J9 23:1: 5 26:1:5 47:1: 11 128 :1:7 66 ± 11
10 1J9 17:1: 4 22 :1:7 39 ± 11 123 :1:5 57 ±3
33 119 21 ±3 18 ± 7 46±7 126:1:6 56±6
100 1J9 24:1: 7 19 ± 3 44 ±6 117±11 55 :1:5
3331J9 23:1: 7 23±6 48 :1:8 119 ± 14 61 :1:4
1000 1J9 28 ±5 22±4 46:1:5 122:1: 26 56 ± 1
2500 1J9 15:1:3 PM 14 ±2 PM 39:1:5 PM 120:1: 22 PM 49:1: 11 PM

5000 1J9 15±1 PM 16 ±4 PM 34:1:7 PM 117:1: 12 PM 48:1:2 PM

2-AA 2.51J9 298 ±25 218:1:58 1375 :I: 1618 ± 67
278

2-AA 10.0 1J9 248 ± 33

Key to Positive Controls Key to Plate Postfix Codes

NaN3 sodium azide P Precipitate
2-AA 2-aminoanthracene M Manual count
4-NOPD 4-nitro-o-phenylene-diamine
MMS methyl methane sulfonate
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12.2 Summary of Results Experiment I I  

Study Name: 1 152200 
ExDeriment: 11 52200 HV2 Pre 
Assay Conditions: 

Metabolic Test 
Activation Group 

Without Ethanol 
Activation Untreated 

Tocotrienol 

NaN3 

MMS 

4-NOPD 
4-NOPD 

With Ethanol 
Activation Untreated 

Tocotrienol 

2-AA 
2-AA 

Study Code: RCC-CCR 1152200 
Date Plated: 01/04/2008 
Date Counted: 04/04/2008 

Dose Level Revertant Colony Counts (Mean iSD) 
(uahlate) 

33 lJ9 
100 
333 IJg 
1000 pg 

10 pg 
10 PSI 
50 Pg 

2500 pg 
5000 pg 

3.0 pL 

33 lJg 
100 lJg 
333 IJg 
1000 pg 

2.5 IJg 
10.0 pg 

2500 pg 
5000 pg 

TA1535 TA1537 TAIOQ WP2 uvrA 

20f4 1 4 i 4  3 1 f 3  1 2 0 i 8  48 i 1 
17 f 4  14f.5 3 5 f 1 3  133f17 5 5 k 1  
2 3 f 2  a k 2  3 3 f 3  1 2 2 f 9  4 7 f 4  
1 6 f 4  1 0 k 4  3 4 f 4  127k7 4 9 f 8  
1855 6 f l  3 4 i 6  1 1 8 f 9  53 f 9 
1 6 f 5  1 0 i 5  3 3 i 4  1 3 1 f 9  54i3 
17f2 '  l O f 3 '  2 7 f 3 '  126t11;M 4 9 f 5 '  
1 3 i q P M  7 f 3 P M  33*3PM 1 1 9 f l l  5 2 f 4 P M  
2131 t 3 9  2396 f 29 

392 i 7 
91 f 14 

417 f 13 

2 5 k 4  1 2 f 3  4 4 t 3  155f14  6 3 f 7  
2 3 k 2  1 7 f 2  4 5 f 1 2  169 i14  6 2 f 3  
31 f 4  1 2 f 5  45*10 138 i11  46,+5 
1 7 f  1 1 3 f 1  4 5 i l l  1 3 6 i 6  64 f 7 
1 8 i l l  1 3 f l  6 2 f 1 4  136f7 70k 12 
25*8 1 6 f 6  5 1 i 6  1 3 2 i 9  62 f. 14 

2 3 f 2 P M  9 f l  3754'" 1 3 0 i 7  6 3 t 5  
275 f 49 147 f 16 821 f 73 1605 f 79 

28;tsPM 12i;; 5 6 k a P M  i46k14py 69 i15pp 

316 f a 

Key to Positive Controls Key to Plate Postfix Codes 

NaN3 sodium azide 
2-AA 2-aminoanthracene 
4-NOPD 4-nitro-o-phenylene-diamine 
MMS methyl methane sulfonate 

P Precipitate 
M Manual count 
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12.2 Summary of Results Experiment II

Study Name: 1152200 Study Code: RCC·CCR 1152200
Experiment: 1152200 HV2 Pre Date Plated: 01/04/2008
Assay Conditions: Date Counted: 04/0412008

Metabolic Test Dose Level Revertant Colony Counts (Mean ±SD)
Activation Group Cug/plate)

TA 1535 TA 1537 TA98 JAj.QQ WP2 uvrA

Without Ethanol 20±4 14±4 31 ± 3 120 ± 8 48 ± 1
Activation Untreated 17 ±4 14 :1:5 35 ± 13 133 ± 17 55 ± 1

Tocotrienol 33 J.J9 23±2 8±2 33±3 122 ± 9 47±4
1001-19 16:1:4 10 :1:4 34:1:4 127:1: 7 49:1:8
333 JJ9 18 ±5 6t1 34:1:6 118:1: 9 53± 9
1000 1J9 16 ±5 10:t 5 33±4 131 ± 9 54 t 3
2500 1J9 17 ± 2 P 10 t 3 P 27:1: 3 P 126±11 P 49:1: 5 P

5000 J.JQ 13 ± 4 PM 7±3 PM 33:1:3 PM 119:1:11 PM 52 ±4 PM

NaN3 10 \.19 2131:1: 39 2396 :1:29
4-NOPD 101)9 392 ± 7
4-NOPD 50 J.J9 91:1: 14
MMS 3.0 fJL 417:1: 13

With Ethanol 25±4 12 ± 3 44:1:3 155:1: 14 63:1:7
Activation Untreated 23 ±2 17 ±2 45 ± 12 169 ± 14 62:1:3

~. Tocotrienol 331.19 31 ±4 12 ± 5 45 ± 10 138±11 46:1:5
100 J.J9 17:1: 1 13:1: 1 45 ± 11 136:1: 6 64± 7
333 fJ9 18:1: 11 13 ± 1 62 ± 14 136:1: 7 70 ± 12
1000 119 25±8 16 :1:6 51 :1:6 132 :1:9 62 ± 14
2500 JJ9 28 :1:5 PM 12:t1 PM 56±8 PM 146 ± 14 PM 69 ± 15 PM

5000 lJ9 23:1: 2 PM 9:1: 1 PM 37 :1:4 PM 130:l:7 PM 63:t5 PM

2-M 2.5 JJg 275 :1:49 147 ± 16 821 :l: 73 1605:l: 79
2-M 10.0 1J9 316 ± 8

Key to Positive Controls Key to Plate Postfix Codes

NaN3 sodium azide P Precipitate
2-M 2-aminoanthracene M Manual count
4-NOPD 4-nitro-o-phenylene-diamine
MMS methyl methane sulfonate
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Negative control 

Positive control 

Solvent control 

Negative control 

Positive control 
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35 6.67 17 62 

534 163.95 1 72 1916 

138 25.59 84 213 

145 21.66 97 210 

1953 492.35 572 2943 
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13 HlSTORfCAL CONTROL DATA 

These data represent the laboratory's historical control data from January 2007 until July 
2007 representing approx. 200 experiments (WP2 uvrA the historical data are based on 
approx. 100 experiments). 

Strain 

TA 1535 

TA 1 537 

TA 98 

TA 100 

~ 

WP2uvrA 

without S9 mix 

Mean SD Min Max 

Solvent control 17 4.51 7 40 

Negative control 17 4.57 9 34 

Positive control 1878 203.83 852 2347 

Solvent control 11 2.91 6 23 

Negative control 11 2.97 6 24 

Positive control 125 41.01 75 424 

Solvent control 

Negative control 

Positive control 913 460.35 191 2023 

with S9 mix 

Mean SD Min Max 

21 4.95 8 41 

21 5.55 9 42 

270 83.95 98 636 

16 4.19 6 35 

17 4.97 7 37 

180 64.61 73 475 

40 6.24 24 64 

41 6.56 23 67 

1193 491.42 184 2759 

157 27.89 94 254 

161 25.76 94 217 

1763 713.99 542 3886 
~ ~~ ~~ 

63 8.86 39 90 

63 8.53 44 89 

327 128.21 161 1345 

Mean = mean value of revertantdplate 
SD = standard deviation Min = minimal value/Max = maximal value 
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13 HISTORICAL CONTROL DATA

These data represent the laboratory's historical control data from January 2007 until July
2007 representing approx. 200 experiments (WP2 uvrA the historical data are based on
approx. 100 experiments).

Strain without S9 mix with 89 mix

Mean SO Min Max Mean SO Min Max

Solvent control 17 4.51 7 40 21 4.95 8 41

TA 1535 Negative control 17 4.57 9 34 21 5.55 9 42

Positive control 1878 203.83 852 2347 270 83.95 98 636

Solvent control 11 2.91 6 23 16 4.19 6 35

TA1537 Negative control 11 2.97 6 24 17 4.97 7 37

Positive control 125 41.01 75 424 180 64.61 73 475

Solvent control 32 6.78 18 66 40 6.24 24 64

TA98 Negative control 35 6.67 17 62 41 6.56 23 67

Positive control 534 163.95 172 1916 1193 491.42 184 2759

Solvent control 138 25.59 84 213 157 27.89 94 254

TA 100 Negative control 145 21.66 97 210 161 25.76 94 217

Positive control 1953 492.35 572 2943 1763 713.99 542 3886

Solvent control 50 8.32 32 82 63 8.86 39 90

WP2uvrA Negative control 50 7.89 34 76 63 8.53 44 89

Positive control 913 460.35 191 2023 327 128.21 161 1345

Mean = mean value of revertants/plate
SD =standard deviation Min::: minimal value/Max = maximal value
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Study Name: 11 52200 
Experiment: 11 52200 W Plate 
Assay Conditions: 

Study Code: RCC-CCR 1152200 
Date Plated: 27/03/2008 
Date Counted: 31/03/2008 

Without metabolic activation 

Strain Compound Dose level Mean Standard Ratio Individual revertant 
per plate revertants Deviation treated I colony counts 

per plate sokent 

13.0 3.0 0.8 16, 10. 13 TA 1535 Tocotrienol 3 Pg 
15.3 3 2  0.9 14, 13. 19 10 IJg 

33 Pg 16.3 6 4  1.0 19.21,9 
1OOpg 17.0 4.4 1.0 22. 14.15 
333 pg 16.3 3 2  1.0 15. 14,20 
lOOOpg 75.0 2.0 0.9 17, 15, 13 
2500pg 13.7 3.2 0.8 15PM,16PM, lOPM 
5000pg 12.0 2.6 0 7  11 PM, lOPM. 1 5 P M  

Ethanol 17.0 2.0 17, 19, 15 
Untreated Control 18.3 3.8 14.20, 21 

TA 1537 Tocotrienol 3 IJg 16.7 2.5 I 1  19.17,14 
10 lJ9 16.0 4.0 1.0 12, 20. 16 
33 Pg 16.7 4 0  1.7 16.21.13 
100 pg 73.7 2.1 0.9 16. 13. 12 
333 pg 16.0 3.0 1.0 13, 19. 16 
1OOOpg 13.3 1.5 0.9 15, 12, 13 
2500pg 14.0 2.0 0.9 12PM. l4PM,16PM 
5000pg 12.3 2.5 0.8 10 P M, 15 P M. 12 P M 

Ethanol 15.3 6.5 22, 15, 9 
Untreated Control 21.0 5.6 15. 26. 22 

TA 98 Tocotrienol 3 IJg 
10 IJg 
33 I4 
100 IJg 
333 CIg 
1000 pg 
2500 pg 
5000 pg 

Ethanol 
Untreated Control 

39.7 
38.3 
31.0 
35.3 
33.7 
37.3 
28.7 
28.0 
33.3 
28.7 

4.7 
6.4 
3.0 
1.5 
8.1 
9.8 
5.5 
3.6 
12. 1 
1.5 

1.2 
1.1 
0.9 
1.1 
1.0 
1.1 
0.0 
0.8 

45,38, 36 
41.43,31 
34, 28, 31 
34, 37, 35 
28, 30,43 
43,43, 26 
35 P M. 26 P M, 25 P M 
31 P M. 29 P M, 24 P M 
24.47, 29 
29. 30.27 

TA 100 Tocotrienol 3 lJ9 705 3 11.0 1.0 118, 100, 98 
1Ovg 705.7 16.4 1.0 118,8?. 112 
33 pg 116.3 4.5 1.1 116, 112, 121 
IDOpg 709.7 71.1 1 0  111,98, 120 
333pg 113.3 3.8 1.1 109, 116, 115 
1OOOpg 112.7 2.1 1.0 115, 111, 112 
2500pg 105.7 5.5 1.0 1 0 0 P M , l 0 6 P M , l l l P M  
5000pg 103.0 10.6 1 0  99PM,95PM,115PM 

107 3 13.9 111.119.92 Ethanol 
Untreated Control 124.3 3 2  123. 128. 122 

Key to Plate Postfix Codes 
P Precipitate 
M Manual count 
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Study Name: 1152200 Study Code: RCC-CCR 1152200
Experiment: 1152200 W Plate Date Plated: 27/0312008
Assay Conditions: Date Counted: 31/03/2008

Without metabolic actlvatfon

Strain Compound Dose level Mean Standard Ratio Individual revertant
per plate revertants Deviation treated / colony counts

per plate solvent

TA 1535 Tocotrlenol 3 ~g 13.0 3.0 0.8 16,10,13
10 IJg 15.3 32 0.9 14,13,19
33 ~g 16.3 64 1.0 19,21,9
100 ~g 17.0 4.4 1.0 22, 14,15
333 ~g 16.3 32 1.0 15,14,20
1000 ~g 15.0 2.0 0.9 17,15,13
2500 ~g 13.7 3.2 0.8 15PM,16PM,10PM
5000 ~g 12.0 2.6 07 11 PM. 10 P M. 15 P M

Ethanol 17.0 2.0 17, 19. 15
Untreated Control 18.3 3.8 14,20,21

TA 1537 Tocotrlenol 3 ~g 16.7 2.5 11 19, 17, 14
10 ~g 16.0 4.0 1.0 12,20,16
33~Q 16.7 40 1.1 16,21,13
100 IJQ 13.7 2.1 0.9 16, 13, 12
333IJQ 16.0 3.0 1.0 13,19,16
1000 ~g 13.3 1.5 0.9 15,12,13
2500 ~g 14.0 2.0 0.9 12PM.14PM,16PM
5000 ~g 12.3 2.5 0.8 10PM,15PM,12PM

Ethanol 15.3 6.5 22,15,9
Untreated Control 21.0 5.6 15,26.22

TA98 Tocotrienol 3 ~g 39.7 4.7 1.2 45,38,36
10 ~g 38.3 6.4 1.1 41,43,31
33IJQ 31.0 3.0 0.9 34,28,31
100 ~Q 35.3 1.5 1.1 34, 37, 35

333IJQ 33.7 8.1 1.0 28,30,43
1000 ~Q 37.3 9.8 1.1 43,43,26
2500 ~Q 28.7 5.5 0.9 35 P M, 26 P M. 25 P M
5000 ~g 28.0 3.6 0.8 31 P M, 29 P M, 24 P M

Ethanol 33.3 12.1 24,47,29
Untreated Control 28.7 1.5 29,30,27

TA 100 Tocotrienol 3 ~Q 1053 11.0 1.0 118,100,98
10 IJQ 105.7 16.4 1.0 118.87,112
33IJg 116.3 4.5 1.1 116, 112, 121

100 ~Q 109.7 11.1 10 111,98,120

333~Q 113.3 3.8 1.1 109,116,115
1000 JJ9 112.7 2.1 1.0 115,111,112
25001-/9 105.7 5.5 1.0 100 P M, 106 PM, 111 PM

50001-/9 103.0 10.6 10 99 P M, 95 P M, 115 PM
Ethanol 1073 13.9 111,119,92
Untreated Control 124.3 32 123,128, 122

Key to Plate Postfix Codes

P Precipitate
M Manual count
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Study Name: 1152200 
Experiment: 1 152200 W Plate 
Assay Conditions: Date Counted: 31/03/2008 

Study Code: RCC-CCR 1152200 
Date Plated: 27/03/2008 

Without metabolic activation 

Strain Compound Dose level Mean Standard Ratio Individual revertant 
per plate revertants Deviation treated I colony counts 

per plate solvent 

WP2 uvrA Tocotrienol 3 IJg 43.3 4.7 0.9 47, 30, 45 
10 Pg 45.0 4.0 1.0 45, 41,49 
33 PSl 39.7 2.3 0.8 37.41,41 
1OOpg 50.0 6.9 1.1 54. 54.42 

1ooopg 44.3 2.5 0.9 47, 42. 44 
2500pg 45.0 5.3 1.0 47 P M, 49 P M, 39 P M 
5000pg 41.7 3 2  0.9 43 P M, 38 P M, 44 P M 

333pg 43.7 7.6 0.9 3549.47 

Ethanol 47.0 8.2 45,40,56 
Untreated Control 46.7 4.7 45, 52, 43 

TAl536 NaN3 10 pg 2134.7 77.7 125.6 2141,2209,2054 
TA 1537 4-NOPD 5opg 112.0 1.7 7.3 1 1 1 ,  1 1 1 ,  114 
TAB8 4-NOPD 1Opg 376.7 50.6 17.3 389.420, 321 
TAlOO NaN3 10 pg 2493.7 85.7 23.2 2581,2489.2411 

WP2uvrA MMS 3.0pL 7202.7 7312 25.6 1083, 1182.1343 

Key lo Positive Controls 

NaN3 sodium azide P Precipitate 
4-NOPD 4-nitro-0-phenylenediamine M Manual count 
MMS methyl methane sulfonate 

Key to Plate PosMx Codes 
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study Name: 1152200 Study Code: RCC-CCR 1152200
Experiment: 1152200 W Plate Date Plated: 27103/2008
Assay Conditions: Date Counted: 31/03/2008

Without metabolic activation

Strain Compound Dose level Mean Standard Ratio Individual revertant
per plate revertants Deviation treated 1 colony counts

per plate solvent

WP2 uvrA Tocotrienol 3\.19 43.3 4.7 0.9 47,38,45

10 \.19 45.0 4.0 1.0 45,41,49

331J9 39.7 2.3 0.8 37.41,41

100 1J9 50.0 6.9 1.1 54.54.42

333\.19 43.7 7.6 0.9 35,49.47

1000 \.19 44.3 2.5 0.9 47.42.44
2500 \.19 45.0 5.3 1.0 47 P M, 49 P M, 39 P M

5000 IJQ 41.7 32 0.9 43 P M, 38 P M, 44 P M
Ethanol 47.0 8.2 45,40,56
Untreated Control 46.7 4.7 45,52,43

TA 1535 NaN3 10 IJQ 2134.7 77.7 125.6 2141.2209,2054
TA 1537 4-NOPD 50 jJg 112.0 1.7 7.3 111.111,114
TA98 4-NOPD 10 \.19 376.7 50.6 11.3 389.420,321
TA 100 NaN3 10 1J9 2493.7 85.1 23.2 2581. 2489. 2411

WP2 uvrA MMS 3.01Jl 1202.7 1312 25.6 1083.1182.1343

Key to Positive Controls Key to Plate Postfix Codes

r NaN3 sodium azide P Precipitate
4-NOPD 4-nitro-o-phenylene-diamine M Manual count
MMS methyl methane sulfonate
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RCC-CCR Study Number 1152200 Report Page 26 of 31 
Tocotrienol 

Study Name: 11 52200 
Experiment: 11 52200 W Plate 
Assay Conditions: 

Study Code: RCC-CCR 1152200 
Data Plated’ 27/03/2008 
Date Counted: 31/03/2008 

Wlth metabolic activation 

Strain Compound Dose level Mean Standard Ratio Individual revertant 
per plate revertants Deviation treated / colony counts 

per plate solvent 

TA 1535 Tocotrienol 3 Pg 
10 
33 
100 IJg 
333 tJg 
1000 P9 
2500 pg 
5000 pg 

Ethanol 
Untreated Control 

23.3 
16 7 
21.0 
24.3 
23.0 
27.7 
15.3 
14.7 
22.0 
23.0 

4.9 
4.0 
3.5 
7 4  
6.6 
4.9 
3.2 
0.6 
5.3 
3.6 

1.1 
0 8  
1 0  
1.1 
1.0 
1.3 
0.7 
0.7 

20.21,29 
16,21. 13 
23. 17, 23 
30. 27, 16 
29. 24, 16 
30. 31 ~ 22 
14 P M. 19 P M. 13 P M 
14PM,15PM, 1 5 P M  
24.16.26 
26, 19. 24 

TA 1537 Tocotrienol 3 
10 P9 
33 iJg 
100 P9 
333 Pg 
1000 pg 
2500 pg 
5000 1-19 

Ethanol 
Untreated Control 

26 0 
21.7 
18.0 
19.0 
23.0 
21.7 
14 3 
16 0 
22.3 
22.3 

5.0 
7.1 
7.0 
3.5 
5.6 
4.0 
2.1 
3.6 
7.6 
2. I 

1.2 
1.0 
0.8 
0.9 
1.0 
1.0 
0 6  
0.7 

26, 21.31 
23. 28.14 
15. 13. 26 
15.21, 21 
17,24,28 
24. 24, 17 
16 P M, 12 P M, 15 P M 
15 P M, 13 P M, 20 P M 
17.31, 19 
23, 20.24 

TA 98 Tocotrienol 3 Pg 46.7 71.0 1.0 59, 43, 38 
10 P9 39.3 11.0 0.9 43, 48. 27 
33 P9 46.0 7.2 1.0 54, 4 4 4 0  
1OOpg 44.0 5.6 1.0 49. 45, 38 
333pg 48.3 7.5 1.1 44. 57.44 
1ooopg 45.7 5.1 1.0 50. 47.40 
2500pg 39.0 4.6 0.9 40 P M. 34 P M, 43 P M 
5000 pg 33.7 6.5 0.8 27 P M, 34 P M. 40 P M 

Ethanol 44 7 10.3 36, 56,42 
Untreated Control 51.3 10.0 59, 40, 55 

TA 100 Tocotrlenol 3 128.0 6.9 1.0 120, 132, 132 
1Opg 123.3 5.7 1 0  122, 129.119 
33pg 726.3 6.4 1 0  130,119,130 
1OOpg 716.7 10.6 1.0 128, 115, 107 
333 pg 119.3 14.0 1.0 108, 115, 135 
1OOOpg 121.7 26.1 7.0 749.97, 119 
2500pg 120.0 21.8 1.0 110 P M, 105 P M. 145 P M 
5000 pg 116.7 11.6 1.0 11 1 P M, 109 P M, 130 P M 

Ethanol 122.3 10.2 115, 134. 118 
Untreated Control 157.3 21.5 135, 159, 178 

Key to Plate Postfix Codes 
P Precipitate 
M Manual count 
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Study Name: 1152200 Study Code: RCC-CCR 1152200
Experiment: 1152200 W Plate Date Plated' 27/0312008
Assay Conditions: Date Counted: 31/03/2008

With metabolic activation

Strain Compound Dose level Mean Standard Ratio Individual revertant
per plate revertants Deviation treated / colony counts

per plate solvent

TA 1535 Tocotrienol 31J9 23.3 4.9 1.1 20,21,29

10 1J9 167 4.0 08 16,21,13

331J9 21.0 3.5 10 23,17,23

100 1J9 24.3 74 1.1 30,27,16

3331J9 23.0 6.6 1.0 29,24,16

10001-19 27.7 4.9 1.3 30,31,22

2500 1J9 15.3 3.2 0.7 14 P M, 19 P M, 13 PM

50001-19 14.7 0.6 0.7 14 P M, 15 P M, 15 P M
Ethanol 22.0 5.3 24,16,26
Untreated Control 23.0 3.6 26,19,24

TA 1537 Tocotrienol 31-19 260 5.0 1.2 26,21,31

10 1J9 21.7 7.1 1.0 23, 28, 14

331J9 18.0 7.0 0.8 15,13,26

100 1J9 19.0 3.5 0.9 15,21,21

3331J9 23.0 5.6 1.0 17,24,28

10001-19 21.7 4.0 1.0 24,24,17

25001-19 143 2.1 06 16PM,12PM,15PM

5000 1J9 160 3.6 0.7 15PM,13PM,20PM

Ethanol 22.3 7.6 17,31,19

Untreated Control 22.3 2.1 23,20,24

TA9S Tocotrienol 31J9 46.7 11.0 1.0 59,43,38

101-19 39.3 11.0 0.9 43,48,27

331J9 46.0 7.2 1.0 54,44,40

100 119 44.0 5.6 1.0 49,45,38

3331-19 48.3 7.5 1.1 44,57,44

1000119 45.7 5.1 1.0 50,47,40

2500 1J9 39.0 4.6 0.9 40PM,34PM,43PM

50001-19 33.7 6.5 0.8 27 P M, 34 P M, 40 P M

Ethanol 447 10.3 36,56,42
Untreated Control 51.3 10.0 59,40,55

TA 100 Tocotrlenol 31-19 128.0 6.9 1.0 120, 132, 132

101-19 123.3 5.1 10 122,129,119

331-19 126.3 6.4 10 130,119,130

1001-19 116.7 10.6 1.0 128,115,107

3331.19 119.3 14.0 1.0 108, 115, 135

10001.19 121.7 26.1 1.0 149,97,119

25001-19 120.0 21.8 1.0 110 P M, 105 PM, 145 P M

50001.19 116.7 11.6 1.0 111 P M,109 PM, 130 P M

Ethanol 122.3 10.2 115, 134, 118

Untreated Control 157.3 21.5 135,159,178

Key to Plate Postfix Codes

P Precipitate
M Manual count

I'
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Study Name: 1152200 Study Code: RCC-CCR 1152200 
Experiment: 1 1  52200 W Plate 
Assay Conditions: Date Counted: 31/03/2008 

Date Ptated: 27/03/2008 

With metabolic sctivatlon 

Strain Compound Dose level Mean Standard Ratio Individual revertant 
per plate revertants Deviation treated I colony counts 

per plate solvent 

WP2 uvrA Tocotrienol 3 P9 66.0 10.5 1.0 55.67, 76 

33 119 56.0 5.6 0.8 55, 62. 51 

333pg 61.0 4.4 0.9 64,63. 56 
1000 pg 56.3 0.6 0.8 57, 56, 56 
2500pg 48.7 10.6 0 7 47 P M, 39 PM, 60 P M 
5000pg 47.7 2.1 0.7 47 P M. 46 P M. 50 P M 

10 119 57.0 2.6 0.9 59.54,58 

1OOpg 55.0 5.2 0.8 49.58.58 

Ethanol 66 7 IO 1 55, 73, 72 
Untreated Control 65.7 5.0 61 I 65.71 

TA1535 2-AA 2 5 pg 297.7 24.7 13.5 294,275,324 
TAI537 2-Ah 2.5 pg 217.7 58.1 9.7 202, 169,282 
TA90 2-AA 2.5 pg 1375.3 278.3 30.8 1054,1537. 1535 

TA 100 2-AA 2.5 pg 1618.3 67.0 13.2 1621, 1550, 1684 
WP2uvrA 2-AA 1O.Opg 247.7 33.3 3.7 237.221 I 285 

Key to Positive Controls 
2-AA 2-aminoanthracene P Precipitate 

Key to Plate PosMx Codes 

M Manual count 
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Study Name: 1152200 Study Code: RCC·CCR 1152200
Expenment: 1152200 W Plate Date Plated: 27/03/2008
Assay Conditions: Date Counted: 31/03/2008

With metabolic activation

Strain Compound Dose level Mean Standard Ratio Individual revertant
per plate revertants Deviation treated I colony counts

per plate solvent

WP2 uvrA Tocotrienol 3 ~9 66.0 10.5 1.0 55.67,76

10 ~9 57.0 2.6 0.9 59.54,58

331J9 56.0 5.6 0.8 55,62.51
100 ~9 55.0 5.2 0.8 49.58,58
3331J9 61.0 4.4 0.9 64,63.56

1000 ~g 56.3 0.6 0.8 57,56.56
2500 \.Ig 48.7 10.6 07 47 P M, 39 PM. 60 P M
5000 \.19 47.7 2.1 0.7 47 P M. 46 P M, 50 P M

Ethanol 667 101 55, 73, 72
Untreated Control 65.7 5.0 61,65.71

TA 1535 2-M 25\.19 297.7 24.7 13.5 294, 275, 324
TA 1537 2-M 2.5 ~g 217.7 58.1 9.7 202.169,282
TA98 2-M 2.51J9 1375.3 278.3 30.8 1054,1537.1535

TA 100 2-M 2.5 ~9 1618.3 67.0 13.2 1621, 1550. 1684
WP2 uvrA 2·M 10.0 ~g 247.7 33.3 3.7 237.221,285

Key to Positive Controls Key to Plate Postfix Codes

2-AA 2·aminoanthracene P Precipitate
M Manual count
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Study Name: 11 52200 
Experiment: 1152200 HV2 Pro 
Assay Conditions: 

Study Code: RCC-CCR 1 152200 
Date Plated: 01104l2008 
Date Counted: 04/04/2008 

Without metabolic actlvation 

Strain Compound Dose level Mean Standard Ratio Individual revertant 
per plate revertants Deviation treated / colony counts 

per plate solvent 

TA 1535 Tocotrienol 33 Pg 23.0 1.7 1.2 24.21, 24 
1OOpg 15.7 3.8 0.8 14.20. 13 
333pg 18.0 5.3 0.9 22. 20. 12 
1OOOpg 16.0 4.6 0.8 21. 15. 12 
2500pg 17.0 2.0 0 9  19P,17P,15P 
5000pg 13.3 3 8  0.7 16 P M, 9 P M, 15 P M 

Ethanol 19.7 4.0 19. 24, 16 
Untreated Control 16.7 4.0 21. 13, 16 

TA 1537 Tocotrienol 33 IJg 7.7 1.5 0.5 8. 9, 6 
IOOpg 10.3 3.8 0.7 6. 12, 13 
333 IJg 5.7 1.2 0.4 7, 5, 5 
1OOOpg 10.3 4.9 0.7 16,7.8 
2500 pg 10.0 2.6 0.7 9P,13P,8P 
5000 pg 7.0 3.0 0.5 4 P M , l O P M , 7 P M  

Ethanol 14.3 4.0 12, 12, 19 
Untreated Control 13.7 5.0 19. 13,9 

TA 98 Tocotrienol 33 P9 32.7 2.5 1.1 35, 33, 30 
1oopg 34.3 3.8 1 1  30,36.37 
333pg 34.0 5.6 1.1 40, 29, 33 
1000 pg 33.0 4.0 1.1 37,29, 33 
2500pg 27.0 2.6 0.9 29 P, 24 P, 28 P 
5000pg 32.7 2.5 1.1 33 P M, 30 P M, 35 P M 

Ethanol 31.0 3.0 31, 34,28 
Untreated Control 35.3 12.9 26. 50, 30 

TA 100 Tocotrienol 33 pg 121.7 8.5 1.0 128, 125, 112 
1OOpg 126.7 7.2 1.1 123, 135, 122 
333pg 118.3 9.3 1.0 129. 112. 114 
100opg 731.3 9.1 1.1 138, 135, 121 
2500pg 126.0 11.1 I O  128 P, 136 P, 114 P 
5000pg 118.7 IO. 7 I O  121 PM, 128 P M, 107 P M  

Ethanol 120.3 7.8 118, 129. 114 
Untreated Control 732.7 16.9 147, 137,174 

WP2 uvrA Tocotrienol 33 IJg 47.3 3.5 I O  51.47.44 
l0Opg 49.3 8.3 I O  52,56,40 
333 pg 52.7 9.0 1 1  44. 52,62 
l o o o ~ g  54.0 3.0 1.1 57.51, 54 

5000 pg 52.0 3 6  I. 1 53 P M, 48 P M. 55 P M 
2500 pg 49.3 5 1  1.0 45 P, 55 P, 48 P 

Ethanol 48.0 10 4 7 . 4 9 , ~  
Untreated Control 55 3 1 2  56. 54. 56 

Key to Plate Postfix Codes 
P Precipitate 
M Manual count 
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Study Name: 1152200 Study Code: RCC-CCR 1152200
Experiment: 1152200 HV2 Pre Dale Plated: 01/0412008
Assay Conditions: Date Counted: 04/04/2008

Without metabolic activation

Strain Compound Dose level Mean Standard Ratio Individual revertant
per plate revertants Deviation treated 1 colony counts

per plate solvent

TA 1535 Tocotrienol 331)9 23.0 1.7 1.2 24,21,24

100119 15.7 3.8 0.8 14,20, 13
3331)9 18.0 5.3 0.9 22,20,12

1000 lJ9 16.0 4.6 0.8 21,15, 12
2500 lJ9 17.0 2.0 09 19P,17P,15P

5000 119 13.3 38 0.7 16 P M, 9 P M, 15 P M
Ethanol 19.7 4.0 19,24,16
Untreated Control 16.7 4.0 21, 13, 16

TA 1537 Tocotrienol 33lJ9 7.7 1.5 0.5 8,9,6
1001)9 10.3 3.8 0.7 6, 12, 13
3331)9 5.7 1.2 0.4 7,5,5
1000 119 10.3 4.9 0.7 16,7,8
2500 119 10.0 2.6 0.7 9 P, 13 P, 8 P
5000 119 7.0 3.0 0.5 4 P M, 10 P M, 7 PM

Ethanol 14.3 4.0 12, 12, 19
Untreated Control 13.7 5.0 19,13,9

TA98 TocotrJenol 33lJ9 32.7 2.5 1.1 35,33,30

100119 34.3 3.8 1 1 30,36,37
3331)9 34.0 5.6 1.1 40,29,33
10001)9 33.0 4.0 1.1 37,29.33
2500 lJ9 27.0 2.6 O.g 29 P, 24 P, 28 P
50001)9 32.7 2.5 1.1 33 P M, 30 P M, 35 P M

Ethanol 31.0 3.0 31,34,28
Untreated Control 35.3 12.9 26,50,30

TA 100 Tocotrienol 33lJ9 121.7 8.5 1.0 128,125,112

100 119 126.7 7.2 1.1 123. 135, 122

333119 118.3 9.3 1.0 129,112,114
10001)9 131.3 9.1 1.1 138, 135, 121
25001)9 126.0 11.1 10 128 P, 136 P, 114 P
5000 119 118.7 10.7 10 121 PM, 128 P M, 107 P M

Ethanol 120.3 7.8 118,129,114
Untreated Control 132.7 16.9 147,137,114

WP2 uvrA Tocotrienof 331)9 47.3 3.5 10 51,47.44

100119 49.3 8.3 10 52,56,40
3331)9 52.7 9.0 1 1 44.52,62

1000 119 54.0 3.0 1.1 57,51,54
25001)9 49.3 51 1.0 45 p. 55 P, 48 P

50001)9 52.0 36 1.1 53 P M, 48 P M. 55 P M
Ethanol 48.0 10 47.49,48
Untreated Control 553 12 56,54,56

Key to Plate Postfix Codes

P Precipitate
M Manual count
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RCC-CCR Study Number 1152200 Report Page 29 of 31 
Tocotrienol 

Study Name: 1 1  52200 
Experiment: 1 1  52200 HV2 P n  
Assay Conditions: 

Study Code: RCC-CCR 1 1  52200 
Date Plated: 01/04/2008 
Date Counted: 04/04/2008 

Wlthout metabolic activation 

Strain Compound Dose level Mean Standard Ratio Individual revertant 
per plate revertants Deviation treated I colony counts 

per plate solvent 

TA 1535 NaN3 1Opg 2130.7 39.7 708.3 2101,2175,2116 
TA 1537 4-NOPD 50 pg 90 7 13.9 6.3 a7,79. io6 
T A W  4-NOPD 10pg 392.0 7.0 72.6 392,399,365 
TA100 NaN3 1Opg 2396.3 28.7 19.9 2423,2366,2400 

WP2uvrA MMS 3.0pL 476.7 12.5 8.7 404,417,429 

Key to Positive Controls 
NaN3 sodium azide 
4-NOPD 4-nitro-o-phenylene-diamine 
MMS methyl methane sulfonate 

s4c2dr.doc 

RCC-CCR Study Number 1152200
Tocotrienol

Study Name: 1152200
Experiment: 1152200 HV2 Pre
Assay Conditions:

Report

Without metabolic activation

Page 29 of 31

Study Code: RCC-CCR 1152200
Date Plated: 0110412008
Date Counted: 04104/2008

Strain

TA 1535
TA 1537
TA9S
TA 100

WP2 uvrA

Compound

NaN3
4-NOPD
4-NOPD
NaN3

MMS

Dose level
per plale

10 1J9
50 1J9
10 1J9

10 1J9
3.0 III

Mean
revertants
per plate

2130.7
907

392.0
2396.3
416.7

Standard
DeViation

39.1
13.9
7.0

28.7
12.5

Ratio
treated 1
solvent

108.3
6.3
12.6
19.9
8.7

Individual revertant
colony counts

2101.2175,2116
87,79, 106
392,399,385
2423,2366,2400
404,417,429

Key to Positive Controls

NaN3 sodium azide
4-NOPD 4-nitro-o-phenylene-diamine
MMS methyl methane sulfonate
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RCC-CCR Study Number 1152200 Report 
Tocotrienol 

Page 30 of 31 

Study Name: 1152200 
Experiment: 11 52200 HV2 Pre 
Assay Conditions: Date Counted: 04/04/2008 

Study Code: RCC-CCR 1152200 
Date Plated: 01/04/2008 

Wlth metabolic activation 

Strain Compound Dose level Mean Standard Ratio Individual revertant 
per plate revertants Deviation treated I colony counts 

TA 1535 Tocotrienol 33 Irg 31.0 3.6 1.3 35, 30, 28 
1OOpg 16.7 0.6 0.7 16, 17, 17 
333pg 17.7 11.0 0.7 29, 17,7 
1000 pg 25.0 7.9 1.0 31. 16, 28 
2500 pg 27.7 4.7 1.1 33PM,26PM,24PM 
5000pg 23.3 1.5 0.9 23 P M, 22 P M, 25 P M 

Ethanol 24.7 4.2 28, 26, 20 
Untreated Control 22.7 1.5 24, 23, 21 

TA 1537 Tocotrienol 33 IJg 12.3 4.7 1.0 16. 14, 7 
1OOpg 13.3 0.6 1.1 13, 13, 14 
333pg 13.0 1.0 1.1 13, 12. 14 
1000 pg 16.0 6.0 1.3 10,22, 16 
2500 pg 72.0 1.0 1.0 1 1 P M . l 3 P M , 1 2 P M  
5000 pg 8.7 0.6 0.7 9 P M , 8 P M . 9 P M  

Ethanol 12.0 3.0 15, 9, 12 
Untreated Control 76.7 2.1 19, 15, 16 

TA 98 Tocotrienol 33 lJ9 44.7 10.0 1.0 55,44.35 
1oopg 45.3 10.6 1.0 34,55,47 
333pg 61.7 13.7 1.4 64. 47,74 
1OOOpg 51.0 5.6 1.2 52.45. 56 
2500pg 55.7 7.5 1 3  63 P M, 56PM. 48 P M 
5000 pg 37.0 3.6 0.8 36 PM, 41 PM, 34 P M 

Ethanol 43.7 3.1 47.41 I 43 
Untreated Control 45.0 12.5 55, 49, 31 

TA 100 Tocotrienol 33 pg 137.7 10.5 0.9 148,138,127 
1OOpg 136.3 5.9 0.9 143, 132, 134 
333pg 136.3 7 1  0 9  135, 130,144 
100Opg 137.7 9.0 0.8 126, 127. 142 
2500 pg 146.0 14.2 0 9  135 P M. 162 P M. 141 P M 
5000pg 130.3 6.7 0.8 127 P M. 138 P M, 126 P M 

Ethanol 155.3 13.6 171, 147, 148 
Untreated Control 169.0 13.5 170,155, 182 

WP2 uvrA Tocotrienol 33 46.3 4.9 0.7 43,44, 52 
100 pg 64 3 6.8 1.0 72, 62, 59 
333pg 70.3 11.8 1.1 6463. 84 
100Opg 61.7 14.4 1.0 70.45, 70 
2500pg 68.7 15.3 1.1 86PM,63PM,57PM 
5000 pg 62.7 5.0 1 0 58 P M, 62 P M, 68 P M 

Ethanol 62.7 7.2 58, 59, 71 
Untreated Control 62.0 2 6  64. 59.63 

Key to Plate Postfix Codes 
P Precipitate 
M Manual count 
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RCC-CCR Study Number 1152200
Tocotrienol

Report Page 30 of 31

Study Name: 1152200 Study Code: RCC-CCR 1152200
Experiment: 1152200 HV2 Pre Date Plated: 01/04/2008
Assay Conditions: Date Counted: 04104/2008

With metabolic activation

Strain Compound Dose level Mean Standard Ratio Individual revertant
per plate revertants Deviation treated 1 colony counts

per plate solvent

TA 1535 Tocotrlenol 33lJ9 31.0 3.6 1.3 35.30.28

100 lJ9 16.7 0.6 0.7 16.17,17

333lJ9 17.7 11.0 0.7 29, 17,7

1000 lJ9 25.0 7.9 1.0 31.16.28
2500 lJ9 27.7 4.7 1.1 33 P M. 26 P M, 24 P M

50001-19 23.3 1.5 0.9 23 P M, 22 P M, 25 P M
Ethanol 24.7 4.2 28, 26, 20
Untreated Control 22.7 1.5 24,23,21

TA 1537 Tocotrienol 331-19 12.3 4.7 1.0 16, 14, 7

100 lJ9 13.3 0.6 1.1 13, 13, 14

3331.19 13.0 1.0 1.1 13, 12. 14
1000 1J9 16.0 6.0 1.3 10,22.16
2500 jJ9 12.0 1.0 1.0 11PM,13PM,12PM
50001.19 8.7 0.6 0.7 9 P M, 8 P M. 9 P M

Ethanol 12.0 3.0 15,9,12
Untreated Control 16.7 2.1 19, 15,16

'"

TA 98 Tocotrlenol 331J9 44.7 10.0 1.0 55,44.35
100 1-19 45.3 10.6 1.0 34,55,47

333lJ9 61.7 13.7 1.4 64.47,74

10001-19 51.0 5.6 1.2 52.45,56
25001-19 55.7 7.5 13 63 P M, 56 P M, 48 P M
5000 1J9 37.0 3.6 0.8 36 P M, 41 PM, 34 P M

Ethanol 43.7 3.1 47,41,43
Untreated Control 45.0 12.5 55,49,31

TA 100 Tocotrienol 331J9 137.7 10.5 0.9 148. 138, 127

1001.19 136.3 5.9 0.9 143. 132, 134

3331.19 136.3 71 09 135, 130. 144
1000 1J9 131.7 9.0 0.8 126, 127, 142
2500 1J9 146.0 14.2 09 135 P M, 162 P M, 141 PM

50001-19 130.3 6.7 0.8 127 P M, 138 P M, 126 P M
Ethanol 155.3 13.6 171,147,148
Untreated Control 169.0 13.5 170, iSS, 182

WP2 uvrA Tocotrlenol 33IJQ 46.3 4.9 0.7 43.44,52

100 1J9 643 6.8 1.0 72, 62, 59

3331-19 70.3 11.8 1.1 64,63,84

1000 1J9 61.7 14.4 1.0 70.45,70
25001-19 68.7 15.3 1.1 86 P M, 63 P M, 57 P M

50001-19 62.7 5.0 10 58 P M, 62 PM, 68 P M
Ethanol 62.7 7.2 58,59,71
Untreated Control 62.0 26 64,59,63

Key to Plate Postfix Codes

P Precipitate
M Manual count
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RCC-CCR Study Number 11 52200 Report 
Tocotrienol 

Page 31 of 31 

Study Name. 1 152200 
Experiment: 11 52200 W2 Pre 
Assay Conditions: Date Counted: 04/04/2008 

Study Code. RCC-CCR 1152200 
Date Plated: 01/04/2008 

With metabolic activation 

Strain Compound Dose level Mean Standard Ratio Individual revertant 
per plate revertants Deviation treated I colony counts 

per plate solvent 

TA 1535 2-AA 2.5 I.rg 274.7 48.9 1 I. 1 249, 331.244 
TA3537 2-AA 2.5 pg 146.7 16.3 122 129. 150. 164 

TA98 2-AA 25pg 821.3 72.9 18.8 802. 760,902 
TA100 2-hA 2 5 p g  1604.7 79. f 10.3 1593, 1532,1689 

WP2 uvrA 2-AA 1O.Opg 316.3 8 4  5.0 312,311,326 

Key to Positive Controls 
2-AA 2-aminoanthracene 
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RCC-CCR Study Number 1152200
Tocotrienol

Report Page 31 of 31

Study Name. 1152200
Experiment: 1152200 HV2 Pre
Assay Conditions:

Strain

TA 1535
TA 1537

TA98
TA 100

WP2 uvrA

Compound

2·AA
2-AA
2·AA
2-AA
2-AA

Study Code. RCC·CCR 1152200
Date Plated: 01/04/2008
Date Counted: 04/04/2008

With metabolic activation

Dose level Mean Standard Ratio Individual revertant
per plate revertants Deviation treated / colony counts

per plate solvent

2.5 IJg 274.7 48.9 11.1 249,331,244
2.5 IJg 146.7 16.3 122 129,150,161

25IJQ 821.3 72.9 18.8 802,760,902
25IJg 1604.7 79.1 10.3 1593, 1532, 1689

10.0 IJQ 316.3 84 5.0 312,311,326

Key to Positive Controls

2-AA 2-aminoanthracene
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TEST REPORT: 57Q0705291-02-00 

Active ingredient 
Total Tocopherol & Tocotrienols 
d-alpha- Tocopherol 
d-alpha- Tocotrienol 
d-beta- Tocotrienol 
d-garnma- Tocotrienol 
ddelta- Tocotrienol 

Date: 19 SEP 2008 

Client's Ref: Email: yang.li@tuv-sud-psb.sg 

Tel: +65 68851 323 Fax: +65 67784301 

Content, Wwt% 
25.1 
5.2 
6.7 
0.5 
8.7 
4.0 

Note: This report is issued subject to TUV SUD PSEs  '"Tens and Condibons Governing Technical SeMces" 
The t e n s  and conditions governing the issue of this report are set oul as anached wilhin this report 

1 

1.1 

1.2 

1.3 

1.4 

GENERAL 

STUDY TITLE 

In vitro bacterial reverse mutation (Ames) study of Super T25 Tocotrienol concentrates 

TEST ITEM IDENTIFICATION 

Test Item Name Super T25 

Sterilization Condition Non-sterile 
Quantity 1509 
Expiry Date Jan 201 0 

Lot No BST2471248-65-AM 0808 

REFERENCE ITEM IDENTIFICATION 

No reference item was used in this study. 

PSB Singapore 

Choose certainty. 
Add value. 

P 5 6  TEST * 
Ycur POW0 nl MIM 

Laboratory: 
TUV SUO PSB Re. Ltd. 
Testing Setvices 
No 1 Science Park Dnve 
Singapare 118221 

Phone +65-6885 1333 Regional Head Office: 
Fax 65-6776 8670 TUV SUO Asia Pacific Re. Ltd, 
E-mail. testing@tuv-sud-psb sg 3 Science Park Dnve, #04-01/05 
www Iw-SUd-pSb Sg The Franklin, Singapore 1 1  8223 
Co Reg : 199002667R m' Page 1 of 12 

TEST REPORT: 57Q0705291-02-00

Date:

Client's Ref:

19 SEP 2008 Tel: +6568851323 Fax: +6567784301

Email: yang.li@tuv-sud-psb.sg

ow
Note: This report IS Issued subject to TUV SUD PSB's "Terms and Condibons Governing Technical Services"
The terms and conditions governing the Issue of this report are set out as attached Wllhln this report

PSB Singapore

1 GENERAL Choose certainty.
Add value.

1.1 STUDY TITLE

In vitro bacterial reverse mutation (Ames) study of Super T25 Tocotrienol concentrates

1.2 TEST ITEM IDENTIFICATION

Test Item Name
Lot No
Sterilization Condition
Quantity
Expiry Date

Super T25
BST247/248-65-AM 0808
Non-sterile
1509
Jan 2010

1.3 REFERENCE ITEM IDENTIFICATION

No reference item was used in this study.

1.4 CHARACTERISATION OF TEST ITEM

The content (wtIwt%) of the test item is stated as follows:

Active ingredient Content, wtIwt%
Total Tocopherol &Tocotrienols 25.1
d-alpha- Tocopherol 5.2
d-alpha- Tocotrienol 6.7
d-beta- Tocotrienol 0.5
d-gamma- Tocotrienol 8.7
d-delta- Tocotrienol 4.0

The certificate of analysis of the test item is provided by the sponsor

Purity

Colorl state

o
P~B TE~T'
Yelj( Poace 01 MJnd

Laboratory:

TUV SOD PSB Pte, Ltd,
Testing Services
No 1SCience Park Dnve
Singapore 118221

25% (declared)

Reddish colored oil

Phone +65-6885 1333
Fax +65-67768670
E-mail. tesllng@tuv-sud-psb sg
W'IfoN tuv-sud-psb sg
Co Reg: 199002667R

Regional Head Office:

TUV SUD Asia Pacific Pte. LId,
3SCience Park Dnve, #04·01105
The Franklin, Singapore 118223
1tJII~ Page 1of 12
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TEST REPORT: 57Q0705291-02-00 
19 SEP 2008 

PSE Singapore 

2 SPONSOR 

Super Vitamins Sdn Bhd 
P.O. Box No. 1, 81757 Masai, 
Johor, Malaysia 

Attn: Ms Fang Yin Hui 

3 TESTING FACILITY, TESTING SITES AND STAFF 

3.1 

3.2 

TESTING FACILITY 

Chemical and Materials 
Testing Services 
TUV SUD PSB Pte Ltd 
No 1 Science Park Drive 
Singapore 118221 

STAFF 

Study Director 

Study Personnel 

The above staff are located at 

Ms Li Yang 

Ms Seow Hwee Teng 
Ms Ng Yeng Ting 

Chemical 81 Materials 
Testing Services 
TUV SUO PSB Pte Ltd 
1 Science Park Drive 
Singapore 118221 

4 STUDY SCHEDULE AND GUIDELINES 

4.1 STUDY SCHEDULE 

Experiment commencement date 30 Jul2008 
Experiment completion date 04 Aug 2008 

4.2 STUDY GUIDELINES 

OECD Guideline for testing of chemicals 471: Bacterial reverse mutation test. Adopted: 
1997-07-21. 
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PSB Singapore

2 SPONSOR

Super Vitamins Sdn Bhd
P.O. Box No.1, 81757 Masai,
Johor, Malaysia

Attn: Ms Fang Yin Hui

3 TESTING FACILITY, TESTING SITES AND STAFF

3.1 TESTING FACILITY

Chemical and Materials
Testing Services
TOV SOD PSB Pte Ltd
No 1 Science Park Drive
Singapore 118221

3.2 STAFF

Study Director

Study Personnel

The above staff are located at

4 STUDY SCHEDULE AND GUIDELINES

4.1 STUDY SCHEDULE

Experiment commencement date
Experiment completion date

4.2 STUDY GUIDELINES

Ms Li Yang

Ms Seow Hwee Teng
Ms Ng Yeng Ting

Chemical & Materials
Testing Services
TOV SOD PSB Pte Ltd
1 Science Park Drive
Singapore 118221

30 Jul2008
04 Aug 2008

OECD Guideline for testing of chemicals 471: Bacterial reverse mutation test. Adopted:
1997-07-21.
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TEST REPORT: 57Q0705291-02-00 
19 SEP 2008 

PSB Singapore 

5 QUALITY ASSURANCE STATEMENT 

This study was audited by Quality Assurance personnel of Chemical and Materials Testing 
Services as follows: 

5.1 Study plan was audited on 29 Jul 2008 and the audit report was submitted to Study Director 
and Test Facility Management on the same day. 

5.2 A study-based audit was conducted on 01 Aug 2008 and the audit report was submitted to 
Study Director and Test Facility Management on the same day. 

5.3 Audit of the raw data and study report was conducted on 19 Sep 2008 and the audit report 
was submitted to Study Director and Test Facility Management on the same day. 

The final report has been found to reflect the raw data obtained. 

19 Sep 2008 

DR LI SlHAl 
QUALITY ASSURANCE 
CHEMICAL AND MATERIALS 
TESTING SERVICES 

DATE 
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5 QUALITY ASSURANCE STATEMENT

ow
PSB Singapore

This study was audited by Quality Assurance personnel of Chemical and Materials Testing
Services as follows:

5.1 Study plan was audited on 29 Jul 2008 and the audit report was submitted to Study Director
and Test Facility Management on the same day.

5.2 A study-based audit was conducted on 01 Aug 2008 and the audit report was submitted to
Study Director and Test Facility Management on the same day.

5.3 Audit of the raw data and study report was conducted on 19 Sep 2008 and the audit report
was submitted to Study Director and Test Facility Management on the same day.

The final report has been found to reflect the raw data obtained.

DR LI SIHAI
QUALITY ASSURANCE
CHEMICAL AND MATERIALS
TESTING SERVICES

19 Sep 2008

DATE
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TEST REPORT: 57Q0705291-02-00 
19 SEP 2008 

PSB Singapore 

6 STATEMENT OF COMPLIANCE 

6.1 The procedure of the study complies with the study plan as agreed by the sponsor. The 
condusion of the test report is based on the raw data obtained from the study. 

6.2 This study is conducted in accordance with Organisation for Economic Co-operation and 
Development (OECD) Environmental Health and Safety Publications ENV/MC/CHEM(98)17, 
Series on Principles of Good Laboratory Practice and Compliance Monitoring No.1, OECD 
Principles of Good Laboratory Practice (as revised in 1997), Paris 1998. 

19 Sep 2008 

MS LI YANG 
STUDY DIRECTOR 
CHEMICAL AND MATERIALS 
TESTING SERVICES 

DATE 

Page 4 of 12 

TEST REPORT: 57Q0705291-02-00
19 SEP 2008

6 STATEMENT OF COMPLIANCE

ow
PSB Singapore

6.1 The procedure of the study complies with the study plan as agreed by the sponsor. The
condusion of the test report is based on the raw data obtained from the study.

6.2 This study is conducted in accordance with Organisation for Economic Co-operation and
Development (OECD) Environmental Health and Safety Publications ENV/MC/CHEM(98)17,
Series on Principles of Good Laboratory Practice and Compliance Monitoring No.1, OECD
Principles of Good Laboratory Practice (as revised in 1997), Paris 1998.

MS L1YANG
STUDY DIRECTOR
CHEMICAL AND MATERIALS
TESTING SERVICES

19 Sep 2008

DATE
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TEST REPORT: 57Q0705291-02-00 
19 SEP 2008 

Without S9 

With S9 

PSB Singapore 

5 pgl plate 
ICR 191 
(CAS NO 17070-45-0) 

2 pgl plate Benzopyrene 
(CAS NO 50-32-8) 

7 MATERIALS AND METHODS 

7.1 PREPARATION OF TEST SUBSTANCES AND CONTROLS 

7.1.1 

7.1.2 

The test item was used directly as test substance without pre-treatment. 

Negative control item was palm oil which is used as vehicle for the test substance. 
The palm oil used in this study was provided by the sponsor 

7.1.3 Preparation of positive control 
The positive control substances used in the study were sodium azide (CAS No 
26628-22-8) at 5 pglplate and ICR 191 (CAS No 17070-45-0) at 5 pglplate in 
the absence of S9 mixture; Benzopyrene (CAS No 50-32-8) at 2 pg/plate was 
used as positive control in the presence of S9 fraction at the concentration of 
10% 

t I 
I I I 

5 pgl plate Sodium azide 
(CAS NO 26628-22-8) Without S9 

7.2 TEST SYSTEM AND TEST CONDITIONS 

7.2.1 Test system 

7.2.1.1 The test systems used were: 

a) 

b) 
c) 

Salmonella typhimurium TA 1535 (ATCC 29629) 

Salmonella typhimurium TA 1537 (ATCC 29630) 
Salmonella typhimurium TA 100 (NBRC 141 94) 

The three test systems were purchased from American Type 
Culture Collection (ATCC) and NlTE Biological Resource Centre 
(NBRC), Japan. 

7.2.1.2 In the presence of substances that induce mutations which revert 
mutations present in these amino acid-requiring strains, the 
capability of the bacteria to synthesize the essential amino acid will 
be restored. The revertant or mutant bacteria can be detected by 
their ability to grow in the absence of the amino acid required by 
the parent strain. 

Page 5 of 12 
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7 MATERIALS AND METHODS

7.1 PREPARATION OF TEST SUBSTANCES AND CONTROLS

o
~
PSB Singapore

7.1.1 The test item was used directly as test substance without pre-treatment.

7.1.2 Negative control item was palm oil which is used as vehicle for the test substance.
The palm oil used in this study was provided by the sponsor

7.1.3 Preparation of positive control
The positive control substances used in the study were sodium azide (CAS No
26628-22-8) at 5 J..Ig/plate and ICR 191 (CAS No 17070-45-0) at 5 lJg/plate in
the absence of S9 mixture; Benzopyrene (CAS No 50-32-8) at 2 J..Ig/plate was
used as positive control in the presence of S9 fraction at the concentration of
10%

Metabolic activation Mutagen Concentration

Without S9
Sodium azide

51Jg/ plate
(CAS No 26628-22-8)

Without S9
ICR 191

51Jg/ plate(CAS No 17070-45-0)

With S9
Benzopyrene

2 1Jg/ plate(CAS No 50-32-8)

7.2 TEST SYSTEM AND TEST CONDITIONS

7.2.1 Test system

7.2.1.1

7.2.1.2

The test systems used were:

a) Salmonella typhimurium TA 1535 (ATCC 29629)

b) Salmonella typhimurium TA 1537 (ATCC 29630)

c) Salmonella typhimurium TA 100 (NBRC 14194)

The three test systems were purchased from American Type
Culture Collection (ATCC) and NITE Biological Resource Centre
(NBRC), Japan.

In the presence of substances that induce mutations which revert
mutations present in these amino acid-requiring strains, the
capability of the bacteria to synthesize the essential amino acid will
be restored. The revertant or mutant bacteria can be detected by
their ability to grow in the absence of the amino acid required by
the parent strain.
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PSB Singapore 

7.2.1.3 All of the three test systems were maintained using bacteria broth 
containing MgS04. 7H20 Ig/L, yeast extract 2g/L and polypeptone 
1 Og/L as recommended by ATCC and NBRC. 

7.2.2 Bacteria exposure and counting procedure 

7.2.2.1 Triplicate plates were used for each concentration of test 
substance, negative control and positive control respectively. The 
minimal glucose medium with 1 x Vogel-Bonner (VB) medium E 
and 2% glucose was used for each plate. The total aliquots 
required were calculated according to the total number of plates 
needed for the study. 

7.2.2.2 The study was conducted both with and without the presence of 
metabolic activation system. A co-factor supplemented post- 
mitochondrial fraction (S9) from the liver of Arodor 1254 induced 
Sprague-Dawley rats was used as metabolic activation system. 

7.2.2.3 

7.2.2.4 

Based on plate incorporation method, 2 ml of molten top agar were 
dispensed to each culture tube held at 45 to 50°C. 0.1 ml of a 
fresh over-night culture of the test strain, 0.1 ml or less of the test 
substance I negative control / positive control, 0.2 ml 
Biotin/Histidine and 0.5 ml of 0.2M PBS (or 0.5 ml of cold S9 
mixture) were then dispensed to each agar tube. Controls with and 
without S9 were prepared. The concentration of S9 fraction in S9 
mixture used in each plate was 10%. 

Three concentrations of the test substance were used in the study. 
The three concentrations used were 20.0 mg / plate, 6.1 rng / plate 
and 1.8 mg / plate. The selection of the concentrations of the test 
substance followed OECD Guideline 471. The recommended 
maximum concentration for non-cytotoxic substance was 5 mg I 
plate, the dose interval was approximately 3.3 (half log). Since the 
purity of the test substance was 25% as declared by the sponsor, 
the maximum concentration selected in this study was 20 mg I 
plate. The concentration of negative control used in the study was 
20 mg / plate. 

7.2.2.5 The mixture of top agar were vortexed and then poured on to a 
minimal glucose agar plate. The plates were allowed to harden and 
the inverted plates were incubated at 37°C in a dark and vented 
incubator. After 48-hr to 72-hr incubation, background lawn of the 
plates were checked and the revertant colonies were scored. 
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PSB Singapore

7.2.1.3 All of the three test systems were maintained using bacteria broth
containing MgS04' 7H20 1gIL, yeast extract 2g/L and polypeptone
10g/L as recommended by ATCC and NBRC.

7.2.2 Bacteria exposure and counting procedure

7.2.2.1

7.2.2.2

7.2.2.3

7.2.2.4

7.2.2.5

Triplicate plates were used for each concentration of test
substance, negative control and positive control respectively. The
minimal glucose medium with 1 x Vogel-Bonner (VB) medium E
and 2% glucose was used for each plate. The total aliquots
required were calculated according to the total number of plates
needed for the study.

The study was conducted both with and without the presence of
metabolic activation system. A co-factor supplemented post
mitochondrial fraction (S9) from the liver of Arodor 1254 induced
Sprague-Dawley rats was used as metabolic activation system.

Based on plate incorporation method, 2 ml of molten top agar were
dispensed to each culture tube held at 45 to 50°C. 0.1 ml of a
fresh over-night culture of the test strain, 0.1 ml or less of the test
substance I negative control I positive control, 0.2 ml
Biotin/Histidine and 0.5 ml of 0.2M PBS (or 0.5 ml of cold S9
mixture) were then dispensed to each agar tube. Controls with and
without S9 were prepared. The concentration of S9 fraction in S9
mixture used in each plate was 10%.

Three concentrations of the test substance were used in the study.
The three concentrations used were 20.0 mg I plate, 6.1 mg I plate
and 1.8 mg I plate. The selection of the concentrations of the test
substance followed OECD Guideline 471. The recommended
maximum concentration for non-cytotoxic substance was 5 mg I
plate, the dose interval was approximately 3.3 (half log). Since the
purity of the test substance was 25% as declared by the sponsor,
the maximum concentration selected in this study was 20 mg I
plate. The concentration of negative control used in the study was
20 mg I plate.

The mixture of top agar were vortexed and then poured on to a
minimal glucose agar plate. The plates were allowed to harden and
the inverted plates were incubated at 37°C in a dark and vented
incubator. After 48-hr to 72-hr incubation, background lawn of the
plates were checked and the revertant colonies were scored.
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colonies in 
Plate 2 
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Average 

revertant revertant Student's 

Plate 3 standard 
deviation 

No of number of 

colonies in colonies and t-test 

8 TEST RESULTS 

9 

8.1 The number of revertant colonies per plate of the extracts and controls using Salmonella 
typhimurium TA 1535 (ATCC 29629) are recorded as follows: 

10 11 10*1 0.94 

Metabolic 
activation 

Without S9 
mixture 

7 

8 

892 

16 

22 

16 

29 

With S9 
mixture 

8 11 9 * 2  0.71 

15 18 1 4 f 5  

860 958 903 f 50 

22 18 1 9 i 3  0.13 

26 22 23 f 2 0.73 

18 17 17*1 0.04 

23 21 2 4 f 4  

Test substance/ 
controls 

19 

~ ~ 

Test substance 
20mg/plate 

Test substance 
6.1 mg/plate 

25 24 23 f 3 

Test substance 
1.8 mg/plate 

Negative control 
20 mg/plate 

Positive control 
5 pg/ plate 

Test substance 
20mglplate 

Test substance 
6.1 mg/plate 

Test substance 
1.8 mglplate 

Negative control 
20 mg/plate 

Positive control 
5 pg/ plate 

No of 
revertant 

colonies in 
Plate 1 

10 1 5 I 7 I 7 * 3  1 0.51 

8.1.1 Student's t-test was used to assess whether there was any significant difference 
between the results of the test substance and its negative control. 

8.1.2 There was no significant difference between the number of revertant colonies in 
the test substance and its concurrent negative control without S9 metabolic 
activation at p = 0.05. 

8.1.3 There was no significant difference between the number of revertant colonies in 
the test substance and its concurrent negative control with S9 metabolic 
activation at p = 0.05, except that the result of test on test substance at 1.8 
mg/plate was significantly lower than its negative control at p = 0.05. 

Page 7 of 12 

8 TEST RESULTS

TEST REPORT: 57Q0705291-02-00
19 SEP 2008 ow

PSB Singapore

8.1 The number of revertant colonies per plate of the extracts and controls using Salmonella
typhimurium TA 1535 (ATCC 29629) are recorded as follows:

Average
No of No of No of number of

Metabolic Test substancel revertant revertant revertant revertant Student's
activation controls colonies in colonies in colonies in colonies and t-test

Plate 1 Plate 2 Plate 3 standard
deviation

Test substance
10 5 7 7±3 0.51

20mg/plate

Test substance
9 10 11 10 ± 1 0.94

6.1 mg/plate

Without S9 Test substance
7 8 11 9±2 0.71

mixture 1.8 mg/plate

Negative control
8 15 18 14 ± 5 -20 mg/plate

Positive control
892 860 958 903 ± 50

5 1Jg/ plate -

Test substance
16 22 18 19 ± 3 0.13

20mg/plate

Test substance
22 26 22 23 ± 2 0.73

6.1 mg/plate

With S9 Test substance
mixture 1.8 mg/plate

16 18 17 17 ± 1 0.04

Negative control
29 23 21 24±4 -

20 mg/plate

Positive control
19 25 24 23 ± 3

5 1Jg/ plate -

8.1.1 Student's t-test was used to assess whether there was any significant difference
between the results of the test substance and its negative control.

8.1.2 There was no significant difference between the number of revertant colonies in
the test substance and its concurrent negative control without S9 metabolic
activation at p = 0.05.

8.1.3 There was no significant difference between the number of revertant colonies in
the test substance and its concurrent negative control with S9 metabolic
activation at p =0.05, except that the result of test on test substance at 1.8
mg/plate was significantly lower than its negative control at p = 0.05.
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Average 
number of 
revertant 

colonies and 
standard 
deviation 

9 * 2  

7 k 6  

Student's 
t-test 

0.16 

0.87 

12 

17 

18 

17 

1 4 * 2  0.79 

1 5 f 2  0.59 

1 8 * 3  0.13 

1 4 * 4  

53 47 f 6 

PSB Singapore 

8.1.4 However, the number of revertant colonies per plate of the positive control with 
the presence of metabolic activation was lower than expected. This is likely to 
be an isolated incidence. 

8.2 The number of revertant colonies per plate of each extract and control using Salmonella 
typhimurium TA 1537 (ATCC 29630) are noted as follows: 

No of 
revertant 

colonies in 
Plate 2 

No of 
revertant 

colonies in 
Plate 3 

8 

Metabolic 
activation 

Without S9 
mixture 

controls colonies 
in Plate 1 

11 8 Test substance 
20mg/plate 

Test substance 
6.1 mglplate 

Test substance 
1.8 mglplate 

0 

8 

12 9 

12 f**22 i o.; 

2008 f 1728 

12 

l 8  Negative control 
20 mg/plate 7 4 

3064 2946 5 pg/ plate 

15 Test substance 
20mglplate 

14 14 Test substance 
6.1 mglplate 

Test substance 
1.8 mg/plate 

Negative control 
20 mglplate 

Positive control 
5 us/ plate 

21 

14 

45 

With S9 
mixture 16 

10 

42 

8.2.1 Student's t-test was used to assess whether there was any significant difference 
between the results of the test substance and its negative control. 

8.2.2 There was no significant difference between the number of revertant colonies in 
the test substance and its concurrent negative control without S9 metabolic 
activation at p = 0.05. 

8.2.3 There was no significant difference between the number of revertant colonies in 
the test substance and its concurrent negative control with S9 metabolic 
activation at p = 0.05 
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8.1.4 However, the number of revertant colonies per plate of the positive control with
the presence of metabolic activation was lower than expected. This is likely to
be an isolated incidence.

8.2 The number of revertant colonies per plate of each extract and control using Salmonella
typhimurium TA 1537 (ATCC 29630) are noted as follows:

Average
No of No of No of number of

Metabolic Test substancel revertant revertant revertant revertant Student's
activation controls colonies colonies in colonies in colonies and t-test

in Plate 1 Plate 2 Plate 3 standard
deviation

Test substance
8 11 8 9±2 0.16

20mg/plate

Test SUbstance
0 12 9 7±6 0.87

6.1 mg/plate

Without S9 Test substance
mixture 1.8 mg/plate

8 12 12 11 ± 2 0.07

Negative control
8 7 4 6±2 -20 mg/plate

Positive control
14 3064 2946 2008 ± 17285 1Jg/ plate -

Test substance
16 15 12 14 ± 2 0.79

20mg/plate

Test substance
14 14 17 15 ± 2 0.59

6.1 mg/plate

With S9 Test substance
mixture 1.8 mg/plate

21 16 18 18 ± 3 0.13

Negative control
14 10 17 14 ± 4 -20 mg/plate

Positive control
45 42 53 47 ± 6

5 IJg/ plate
-

8.2.1 Student's t-test was used to assess whether there was any significant difference
between the results of the test substance and its negative control.

8.2.2 There was no significant difference between the number of revertant colonies in
the test substance and its concurrent negative control without S9 metabolic
activation at p = 0.05.

8.2.3 There was no significant difference between the number of revertant colonies in
the test substance and its concurrent negative control with S9 metabolic
activation at p = 0.05
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Test substance/ 
controls 

8.3 The number of revertant colonies per plate of each extract and control using Salmonella 
fyphimurium TA 100 (NBRC 141 94) are noted as follows: 

No of 
revertant 
colonies 
in Plate 1 

No of 
revertant 

colonies in 
Plate 2 

No of 
revertant 

colonies in 
Plate 3 

I 

Average 
number of 
revertant Student's 

standard 
deviation 

colonies and t-test 

1 34 Test substance 
20mg/plate 

Test substance 
6.1 mg/plate 113 

148 111 131 f 19 0.01 

138 120 124 f 13 0.00 

Miithout s 9  
mixture 

with s9  
mixture 

8.3.1 Student's t-test was used to assess whether there was any significant difference 
between the results of the test substance and its negative control. 

The number of revertant colonies in the test substance was significantly lower 
than its concurrent negative control without S9 metabolic activation at p = 0.05. 

There was no significant difference between the number of revertant colonies in 
the test substance and its concurrent negative control with S9 metabolic 
activation at p = 0.05, except that the result of test on test substance at 1.8 
mg/plate was not significantly lower than its negative control at p = 0.05. 

8.3.2 

8.3.3 

141 134 157 144 f 12 0.00 

200 191 183 191 f 9  

712 924 928 855 f 124 

158 183 206 182 f 24 0.72 

Test substance 
1.8 mg/plate 

Negative control 
20 mg/plate 

Positive control 
5 pgl plate 

Test substance 
20mg/plate 

Test substance 
6.1 mg/plate 

Test substance 
1.8 mglplate 

Negative control 
20 mglplate 

Positive control 
5 pgl plate 

161 231 180 191 f 3 6  0.93 

230 220 247 232 f 14 0.02 

206 185 175 189 f 16 

294 360 536 397* 125 
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8.3 The number of revertant colonies per plate of each extract and control using Salmonella
typhimurium TA 100 (NBRC 14194) are noted as follows:

Average
No of No of No of number of

Metabolic Test substance/ revertant revertant revertant revertant Student's
activation controls colonies colonies in colonies in colonies and t-test

in Plate 1 Plate 2 Plate 3 standard
deviation

Test substance
134 148 111 131 ± 19 0.01

20mg/plate

Test substance
113 138 120 124 ± 13 0.00

6.1 mglplate

Without S9 Test substance
mixture 1.8 mg/plate

141 134 157 144 ± 12 0.00

Negative control
200 191 183 191 ± 9 -20 mg/plate

Positive control
712 924 928 855 ± 124

5 ~gI plate -
Test substance

158 183 206 182 ± 24 0.72
20mg/plate

Test substance
161 231 180 191 ± 36 0.93

6.1 mg/plate

With S9 Test substance
mixture 1.8 mg/plate

230 220 247 232 ± 14 0.02

Negative control
206 185 175 189 ± 16 -20 mg/plate

Positive control
294 360 536 397± 125

5 ~gI plate -

8.3.1 Student's Hest was used to assess whether there was any significant difference
between the results of the test substance and its negative control.

8.3.2 The number of revertant colonies in the test substance was significantly lower
than its concurrent negative control without S9 metabolic activation at p = 0.05.

8.3.3 There was no significant difference between the number of revertant colonies in
the test substance and its concurrent negative control with S9 metabolic
activation at p = 0.05, except that the result of test on test substance at 1.8
mglplate was not significantly lower than its negative control at p =0.05.
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9 DISCUSSION 

9.1 

9.2 

9.3 

9.4 

In the study using 20mg/plate, 6.1 mg/plate and 1.8 mg/pate of Super T25 as test substance 
and Salmonella typhimurium TA 1535 (ATCC 29629) as test system, there was no significant 
increase in the number of revertant colonies in the test substance as compared to its 
negative control both with and without metabolic activation by S9. 

In the study using 20mg/plate, 6.1 mg/plate and 1.8 mg/pate of Super T25 as test substance 
and Salmonella typhimurium TA 1537 (ATCC 29630) as test system, there was no significant 
increase in the number of revertant colonies in the test substance as compared to its 
negative control both with and without metabolic activation by S9. 

In the study using 20mg/plate, 6.1 mg/plate and 1.8 mg/pate of Super T25 as test substance 
and Salmonella typhimurium TA 100 (NBRC 14194) as test system, there was no significant 
increase in the number of revertant colonies in the test substance as compared to its 
negative control both with and without metabolic activation by S9. 

Spontaneous mutant colonies were observed in negative control with and without the 
presence of S9 mixture. 

I O  CONCLUSION 

10.1 From the above study, using 20 mg/plate, 6.1 mg/plate and 1.8 mg/pate of Super T25, Lot 
No: BST247/248-65-AM0808 as test substance, it is concluded that the test item is non- 
mutagenic to Salmonella typhimurium TA 1535 (ATCC 29629). 

10.2 From the above study, using 20 mg/plate, 6.1 mg/plate and 1.8 mg/pate of Super T25, Lot 
No: BST2471248-65-AM0808 as test substance, it is concluded that the test item is non- 
mutagenic to Salmonella typhimurium TA 1537 (ATCC 29630). 

10.3 From the above study, using 20 mg/plate, 6.1 mglplate and 1.8 mg/pate of Super T25, Lot 
No: BST247/248-65-AM0808 as test substance, it is concluded that the test item is nom 
mutagenic to Salmonella typhimurium TA 100 (NBRC 14194). 
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9.1 In the study using 20mg/plate, 6.1 mg/plate and 1.8 mg/pate of Super T25 as test substance
and Salmonella typhimurium TA 1535 (ATCC 29629) as test system, there was no significant
increase in the number of revertant colonies in the test substance as compared to its
negative control both with and without metabolic activation by S9.

9.2 In the study using 20mg/plate, 6.1 mg/plate and 1.8 mg/pate of Super T25 as test substance
and Salmonella typhimurium TA 1537 (ATCC 29630) as test system, there was no significant
increase in the number of revertant colonies in the test substance as compared to its
negative control both with and without metabolic activation by S9.

9.3 In the study using 20mg/plate, 6.1 mg/plate and 1.8 mg/pate of Super T25 as test substance
and Salmonella typhimurium TA 100 (NBRC 14194) as test system, there was no significant
increase in the number of revertant colonies in the test substance as compared to its
negative control both with and without metabolic activation by S9.

9.4 Spontaneous mutant colonies were observed in negative control with and without the
presence of S9 mixture.

10 CONCLUSION

10.1 From the above study, using 20 mg/plate, 6.1 mg/plate and 1.8 mg/pate of Super T25, Lot
No: BST247/248-65-AM0808 as test substance, it is concluded that the test item is non
mutagenic to Salmonella typhimurium TA 1535 (ATCC 29629).

10.2 From the above study, using 20 mg/plate, 6.1 mg/plate and 1.8 mg/pate of Super T25, Lot
No: BST247/248-65-AM0808 as test substance, it is concluded that the test item is non
mutagenic to Salmonella typhimurium TA 1537 (ATCC 29630).

10.3 From the above study, using 20 mg/plate, 6.1 mg/plate and 1.8 mg/pate of Super T25, Lot
No: BST247/248-65-AM0808 as test substance, it is conduded that the test item is non
mutagenic to Salmonella typhimurium TA 100 (NBRC 14194).
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11 DEVIATIONS OF THE STUDY PROCEDURES FROM THE STUDY PROTOCOL 

There is no deviation of the study procedures to the study protocol 

12 ARCHIVAL 

The study protocol, study plan, study schedule, all the raw data of experiment, audit report of 
quality assurance unit and other related documentations and the final test report are stored in the 
archive of TUV SUD PSB Pte Ltd. 

REMARKS: 

The above test results relate to the sample of test item as received. 

MS SEOW HWEE TENG 
STUDY SCIENTIST 
CHEMICAL AND MATERIALS 
TESTING SERVICES 

MS LI YANG 
STUDY DIRECTOR 
CHEMICAL AND MATERIALS 
TESTING SERVICES 
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There is no deviation of the study procedures to the study protocol

12 ARCHIVAL

The study protocol, study plan, study schedule, all the raw data of experiment, audit report of
quality assurance unit and other related documentations and the final test report are stored in the
archive of TOV SOD PSB Pte Ltd.

REMARKS:

The above test results relate to the sample of test item as received.
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TESTING SERVICES
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This Repact is issued under the following conditions: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10 

Results of the testingkalibration in the form of a report will be issued immediately after the service has been completed or terminated. 

Unless otherwise requested, a report shall contain only technical results. Analysis and interpretation of the results and professional opinion 
and recommendations expressed thereupon, if required, shall &e clearly indicated and additional fee paid for, by the Client. 

This report applies to the sample of the speck producffequipment given at the time of its testingkalibration. The results are not,used,,to 
indicate or imply that they are applicable to other similar items. In addition, such results must not be used to indicate or imply that TUV SUD 
PSB approves, recommends or endorses the manufacturer, supplier or user of such productfequipment, or that TUV SUD PSB in any way 
"guarantees" the later performance d the producffequipment 

The samplds mentioned in this report idare submittedlsuppliedlmanufactured by the Client. TUV SUD PSB therefore assumes no 
responsibility for the accuracy of information on the brand name, model number, origin of manufacture, consignment or any information 
supplied. 

Additional copies of the report are available to,the Client at an additional fee. No third patty can obtain a copy of this report through TUV SUO 
PSB, unless the Client has authorised TUV SUD PSB in writing to do so. 

TUV SUD PSB may at its sole discretion add to or amend the conditions of the report at the time of issue of the report and such report and 
such addtions or amendments shall be binding on the Client. 

All copyright in the report shall remain with TUV SUD PSB and the Client shall, upon payment of TUV SUO PSB's fees for the carrying out of 
the testdcalibrations, be granted a license to use or publish the report to the third parties subject to the terms and conditions herein, provided 
always that TUV SUD PSB may at its absolute discretiin be entitled to impose such conditions on the license as it sees ft. 

Nothing in this report shall be interpreted to mean that TUV SUD PSB has verified or ascertained any endorsement or marks from any other 
testing authority or bodies that may be found on that sample. 

This report sha!l not,,be reproduced wholly or in parts and no reference shall be made by the Client to TUV SUO PSB or to the report or results 
furnished by TUV SUD PSB in any advertisements or sales promotion. 

Unless otherwise stated, the tests are carried out in TUV SUD PSB R e  Ltd, No.1 Science Park Drive Singapore 118221. 

January 2008 
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AM I 11111ll111111 II 1111 
Mosley, Sylvester 

From: Susan S Cho [susanschol@yahoo.com] 
Sent: Wednesday, January 13,2010 3:lO PM 

To: Mosley, Sylvester; Carlson, Susan; rosidah@mpob.gov.my 
Subject: GRN 307 palm oil-derived tocols 

~ II 1 1 1 1 1 1 ~  I_____^ l"".." .l"-l."l. ....-___."I llllll."l -l-l..---. - _ r _ _ ~  - ~ ~ - -  
# 

j ir) 

Dear Dr. Mosley, 

It was nice to meet you in December. 

1. I would appreciate it if you would treat all the information submitted for the 
GRAS notification as non-confidential information. 
Analytical data are not confidential information. 

2. Please change the notifier from NutraSource to Malaysian Palm Oil Board 
(MPOB) Technical Advisory Services (TAS). NutraSource is a consulting firm. 
The industry members of MPOB produces palm oil derived-tocols. 
Ms. Rosidah Radzian (phone: 202-572-9768) at MPOB should be the contact at 
MPOB TAS. Please address all the correspondences to Rosidah. 

3. I have changed the e mail address from  to 
Susan S C h o 1 @,yah 00. corn. a, 

Thank you very much. 

Sincerely, 

Susan Cho, Ph.D. 
NutraSource, Inc. 

 
 

1 

6/17/20 10 



AM I 11111ll111111 I1 1111 
From: Susan S Cho 
To: Mosley, Sylvester; 
Subject: 
Date: 

GRN 307 palm oil-derived tocols 
Wednesday, February 10, 2010 9:56:00 AM 

h-̂  
I 

Page 10- 

It should have been 'water dispersible', not "non-water dispersible' 
May I send you 3 copies of corrected page? 
I can not go out today. But I can hand deliver to you on Monday. 
I apologize for the inconvenience. 

Thank you very much. 

Sincerely, 

Susan Cho, Ph.D. 

NutraSource, Inc. 

 

 

 

 

) 



AM I ll1ll11 ll1111 I1 1111 
From: Susan S Cho 

Subject: 
Date: 
Attachments: 

tl To: Mosley, Sylvester; 

Revised page 26 for GRN307 
Thursday, March 25, 2010 6:22:29 PM 
TRF GRAS notice paqe 26 revised 3-25-10.doc 

it -.. 

Dear Dr. Mosley, 

I have revised page 26 to capture your points. 
Please let me know if you have further questions. 
Thank you. 

Sincerely, 

Susan Cho, Ph.D. 
NutraSource 
301-875-6454 

From: "Mosley, Sylvester" <Sylvester.Mosley@fda.hhs.gov> 
To: Susan S Cho <susanschol@yahoo.com> 
Sent: Tue, March 23, 2010 3:05:43 PM 
Subject: Questions for GRN302 

Good afternoon Dr. Cho, 

I wanted to follow up our phone conversation with the written questions that I alluded to on the phone. 

1. We note that in your certificate of analyses your products appear to be colored 
(red, amber, and orange). We request that the notifier present its view on whether any of 
the intended uses of palm-oil derived tocols would be exempt from the definition of color 
additive. 
2. 
there is confusion with the intended uses of fats and oils. We request that the notifier 
rewrite the intended uses on page 26 and in table 5 on page 27 to mirror one another. 
Furthermore, we request that you are more explicit in terms of designer fats and oils. 

We note that on page 26 in the intended use section and in table 5 on page 27, 

If you have any questions please feel free to ask. I will be out of the office through Monday, March 
29th. I will be checking my email during the evenings on Wednesday and Thursday. 

d Thanks, 



Sylvester L. Mosley, Ph.D. 
Consumer Safety Officer 
Division of Biotechnology and GRAS Notice Review 
Office of Food Additive Safety-CFSAN 
US. Food and Drug Administration 
5100 Paint Branch Parkway (HFS-255) 
College Park, MD 20740-3835 
Phone: 301 -436-1 333 
Fax: 301 -436-2965 
Email: Sylvester.Mosley@fda.h hs.gov 



Palm-oil derived tocols 

Conclusion of the expert panel: 
Generally recognized as safe (GRAS) determination for the addition of palm tocotrienol- 
rich fraction (TRF) to foods 

it ?* 

i rw’ 

August 2009 

CONCLUSION 

We, the undersigned expert panel members, Susan Cho, Ph.D., Michael Falk, Ph.D., and George 
Fahey, Ph.D., have individually and collectively critically evaluated the materials summarized in 
the palm TRF GRAS report, and conclude that palm TRF is safe and GRAS for its intended use 
in foods. 

There is broad-based and widely disseminated knowledge concerning the chemistry of 
tocotrienols (T3) and tocopherols (T). Vitamin E is a generic name for the family of eight major 
compounds that have been found to possess vitamin E activity. These compounds are a-, p-, y, 
and 6-T; and a -, p-, y-, and 6-T3, and are often called tocols. They cannot be synthesized in the 
body; thus, vitamin E must be obtained from the diet. Vitamin E deficiency results in serious 
health hazards. Symptoms caused by a -T deficiency can be alleviated by T or T3. Both T3 and 
T possess antioxidant activities, although T3 has much stronger antioxidant activities against 
lipid peroxidation than T. Palm oil and rice bran oil represent two major nutritional sources of 
natural T3. The TRF described in this self-affirmation is prepared from palm oil. 

Palm TRF (a mixture of a -, p-, y-, and 6-T3 with an average a-T content of 2O-30% of total tocols) 
proposed for use in this food product is well characterized and free from chemical and microbial 
contamination. Palm TRF will be used as an ingredient in foods and beverages as a source of 
natural vitamin E and antioxidants. 

4 
uw 

Intended food applications include fats or oils, such as salad dressing, mayonnaise, margarine, 
and spread, potato chips and salty snacks, bakery products, ready-to-eat cereals, meal 
replacement and other functional beverages, meatless soups, soup mix meatless gravies, sauces, 
pasta sauces, processed juices, processed h i t s ,  juice drinks and punch, frozen dairy desserts, 
yogurt, pudding, gelatin products, chocolate milk, flavored milk, soy milk and products, 
chocolate, candy, confectionary, sweets, beverages, and chewing gum. 

Assuming 20% of food products will be used under the intended use, the 90fh percentile daily 
consumption under proposed new food use of T3 would result in 9.4 mg/d (or 0.68 mg/kg body 
weight (BW)/d) in young children aged 1-3 yr and 17.4 mg/d (or 0.35 mg/kg BW/d) for the 
population aged 1 yr and older. These levels represent more than 1 OOx below the no-observed- 
adverse-effect level (NOAEL) values that have been found from sub-chronic and chronic toxicity 
studies in rats. An assumption that 20 ‘YO of the population are consumers of TRF leads to dietary 
a-T exposure estimates of approximately 6.4 mg/d (or 0.49 mg/kg BW/d) for children aged 1-3 
yr and 14.6 mg/d (or 0.27 mgkg BW/d) for the population aged 1 yr and older at the 90th 
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percentile. These levels are far below the tolerable upper intake levels of a-T (200 mg/d for 
children aged 1-3 yr and 1000 mg/d for adults) established by the U.S. Institute of Medicine. 

Currently, a-T (as a nutrient and as a chemical preservative), tocopherols, and a-T acetate (as a 
nutrient) are already listed as GRAS ingredients under the 2 1 CFR Part 184 and the 2 1 CFR Part 
182. Dietary supplements containing T3 have been on the market in the U.S. as dietary 
supplements since 1999 under the Dietary Supplements Health and Education Act of I994 
(DSHEA). Due to the current GRAS approval status of T, this GRAS self-affirmation is more 
focused on the review of T3. 

Palm TRF has a long history of safe use as a natural vitamin E and as an antioxidant in foods. 
There are no indications of significant adverse effects related to palm TRF in the publicly 
available literature. The proposed food use results in exposure at levels significantly below those 
associated with any adverse effects. Therefore, not only is the proposed use of palm TRF safe 
within the terms of the Federal Food, Drug, and Cosmetic Act (meeting the standard of 
reasonable certainty of no harm), but because of this consensus among experts, it is also 
Generally Recognized as Safe (GRAS) according to Title 21 Code of Federal Regulations (21 
CFR). 

Susan Cho, PhD 
President, NutraSource, Inc., Clarksville, MD 21 029 

Signature : Date: 

Michael Falk, Ph.D. 
Executive Director, Life Science Research Organization (LSRO), Bethesda, MD 208 14 

Signature: Date: 

George C. Fahey, Jr., Ph.D. 
Professor, University of Illinois, Urbana-Champaign, IL 6 1801 

Signature: Date: 
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4: &+I* I. Identity of Substance 

A. Common or trade name: Palm TRF or T3 concentrates are fi-om palm oil sources (the 

content of alpha T is approximately 20-25% of the tocols) that are manufactured by the industry 

members of Malaysian Palm Oil Board (MPOB), such as Carotech, Davos, Carotino, Sime 

Darby Bioganics, and SuperVitamins. Specific trade names include, but are not limited to, the 

following: 

1) Carotech products such as 
Tocomin' 30% - Palm TRF, 30% Oil Suspension, 
Tocornin@ 50% - Palm TRF, 50% Oil Suspension, 
TocomaxTM 20% - Palm TRF, 
20% Cold Water Dispersible Powder, 
Tocobeads' 7.5% - Palm TRF, 
7.5% Beadlets, TocosemTM 1.5% - Palm TRF, 
1.5% Water Soluble Emulsion, 
Tocornin@ SuprabioTM 20% - Palm TRF, 
20% Bio-enhanced Suspension, and 
Tocornin@ SuprabioTM 25% - Palm TRF, 25% Bio-enhanced Suspension; 

2) Davos palm TRF products, such as 
Tocotrienol Concentrate DVL 30, 
Tocotrienol Concentrate DVL 50, 
Tocotrienol Concentrate DVL 70, 
Tocotrienol Powder DVP 7.5, 
Tocotrienol Powder DVP 10, 
Tocotrienol Powder DVP 20, 
Tocotrienol Powder DVP 30, and 
Water Soluble (WS) Tocotrienol 1.5%; 

3) Carotino TRF oil suspension products, such as 
Carotino TRF lo%, 
Carotino TRF 209'0, 
Carotino TRF 50%, and 
Carotino TRF 80%; 

4) SD Bioganic TRF products, such as 
Gold Tri E30, 
Gold Tri E50, 
Gold Tri E70, 
Gold Tri E20 powder, 
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Gold Tri E30 powder, 
Bio E Tri E 30 N (emulsion), and 
Bio E Tri E 20 N (emulsion); 

5) SuperVitamin TRF oil suspension products, such as 
Super T25, 
Super T30, 
Super T50, 
Super T80, 
Super T Powder 20%, and 
Super T Powder 25%. 

B. Standards of identity: We note that an ingredient that is lawfully added to food products 

may be used in a standardized food only if it is permitted by the applicable standard of identity 

that is located in Title 21 of the Code of Federal Regulations. 

C. Background 
r 

ti m* Tocotrienols are the primary form of vitamin E in the seed endosperm of most monocots, 

including agronomically important cereal grains such as wheat, rice, and barley. Palm oil 

contains significant quantities of T3 and T (Sundram et al. 2003). Crude palm oil extracted from 

the h i t s  of Elueis guineensis particularly contains a high amount of T3 (up to 800 mgkg), 

mainly consisting of yT3, a-T3, and a-T. The distribution of vitamin E in palm oil is 20-30% T 

and 70-80% T3 (Sundram et al. 2003). The objective of this review is to highlight the safety and 

potential significance of the T3. 
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D. Chemistry and structure of T3 

Tocopherols and T3 share common structural features of a chromanol ring and a side- 

chain at the C-2 position (Nesaretnam et al. 2008). The difference between T and T3 is that the 

former contains a saturated phytyl tail, whereas the latter bears an unsaturated isoprenoid side 

chain, i.e., three all trans double-bonds in the hydrocarbon tail (Figure 1; Tasaki et al. 2008). 

Each subgroup of vitamin E contains several isoforms. Chemical formulas and molecular 

weights (M.W.) of 8 isomers are summarized in Table 1. Palm TRF is a mixture of T3 and a-T. 
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Tocotrienol isoprenoid side chain 

Tocopherol phytylside chain 

A 

a-Tocop hero1 

f3-Tocopbrd 

a-Tocotrienol 

T3 isoforms 

Figure 1. Structure of vitamin E stereoisomers. Tocotrienols consist of a chromanol nucleus and a 
lipophilic isoprenoid chain. Tocopherols have phytyl side chain. Methyl group placement in the naturally 
occurring isoforms a-, p-, y-, and 6- is as indicated in the box (Adopted from Akoh and Min 2008). 
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itamin E E :  
' I  d- Table 1. 

Adopted from European Food Safety Authority (EFSA) 2008 

E. Manufacturing Process 

The industry members of MPOB describe their manufacturing process as follows: 

1. TRF liquid (or TRF oil suspension): 

(1) The starting raw material is crude palm oil, an edible vegetable oil extracted from the 

mesocarp of the oil palm. Crude palm oil is naturally reddish in color because it 

contains a high amount of natural mixed carotenoids. Palm TRFs (oil suspensions) 

are manufactured from crude palm oil using a trans-esterification reaction, followed 

by a multi-stage molecular distillation process. 

(2)Extraction and Reaction Process: Crude palm oil contains the highest natural level of 

mixed carotenoids and palm TRF in nature (500 part per million (ppm) and 800 ppm of 

carotenoids and TRF, respectively). In addition to these two phytonutrients, there are 

other minor components naturally found in palm oil such as sterols, squalene, and Co- 

Q10. These phytonutrients (minor components) make up about 1 % in total of the oil. The 

remaining 99% is basically the oil (triglycerides). A patented process (US Patent No. 

5,157,132) extracts and concentrates this 1 YO of minor components in the fruits of oil 

palm. In the process, crude palm oil is converted to methyl esters and glycerol through 
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transesterification via the addition of methanol in the presence of sodium methoxide 

(catalyst). The minor components such as the mixed carotenoids, vitamin E, squalene, 

sterol, etc. are not involved in this reaction and are not changed chemically or structurally. 

The ratio, chemical structure, and characteristics remain the same in the starting natural 

crude palm oil. The reaction process targets and involves only the oil part (triglycerides). 

(3) Molecular Distillation Process: Molecular distillation is a unique and well-known 

process for distilling heat-sensitive materials such as essential oils and antioxidants. It 

uses an extremely high vacuum and low temperature technology to distill materials such 

as methyl esters and antioxidants. In the molecular distillation process and with such an 

extreme vacuum, all the methyl esters will be distilled out to leave a concentrated residue 

of phytonutrients (including carotenoids and vitamin E). With the vigorous hot water 

wash, vacuum drying, and molecular distillation, any residue or unreacted compounds are 

taken out. The concentrated residue then is subjected again to molecular distillation 

(varying vacuum and temperature) to recover the individual components - mainly TRF, 

mixed carotenes, and phytosterols. To manufacture high concentrations and purities of T3, 

conventional high performance liquid chromatography (HPLC), involving an organic 

solvent mobile phase (a mixture of hexane, ethyl acetate, and methanol) and a stationary 

phase, silica, can be used. Then, ultra high vacuum rotary evaporation removes the 

solvents used in the manufacturing process. 

Alternatively, the following process can be used: Crude palm oil is degummed by 

treating with food grade phosphoric acid to remove phospholipids. The degummed oil 

then is mixed with bleaching earth (activated calcium montmorillonite) to absorb 

pigments and particles as well as any metal contamination and oxidizing materials that 
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may be in the oil. The oil-earth mixture then is passed through filters where the spent 

earth is removed together with the precipitated materials from degumming. The bleached 

oil is first de-aerated and then collected separately as a process by-product. The T3 in the 

resultant material is concentrated using a multistage physical process without the use of 

solvents. To manufacture higher concentrations of T3, standard solvent-based 

chromatography may be used to fbrther separate and fractionate the materials, thus 

increasing the concentration and purity. 

2. Production of Palm TRF, Water Soluble Emulsion: TRF liquids (>%YO tocols) are the starting 

materials for the formulation of water-soluble emulsions of palm TRF. Glycerine and a 

proprietary blend of emulsifiers, such as mono- and diglycerides, sorbitan (GRAS; 

21 CFRl73.110 and 172.842), sugar esters, starch derivatives, and surfactants) are added into 

palm TRF liquids. The mixture then is homogenized into an emulsion. (1 #," 

3. Non-water Dispersible Powder: TRF liquids (>30% tocols) are the starting materials for 

the formulation of a cold water dispersible powder of palm TRF. A powder carrier 

(modified corn starch, maltodextrin, tapioca dextrin, corn starch, or sodium caseinate (GRAS; 

2 1 CFRl82.1748)), with and without an anti-caking ingredient such as 5% calcium silicate), is 

added into palm TRF. The mixture is dried and milled or alternatively spray dried into a dry 

powder. 

4. Production of Palm TRF, Beadlets: TRF liquids (>50% tocols) are the starting material for the 

formulation of palm TRF beadlets. Gelatin, corn starch, sucrose (GRAS; 2 1 CFRl84.1854), 

and ascorbyl palmitate (GRAS; 21CFR184.3149) are added into palm TRF liquids. The 

mixture is spray dried into dry beadlets. 
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5. Production of palm TRF, Bioenhanced Suspension: Palm TRF liquids (>50% tocols) are the 

starting material for the formulation of palm TRF, Bio-enhanced Suspension. A proprietary 

blend of emulsifiers (including glycerides and starch derivatives) are added into palm TRF 

liquids and undergo various physical processing such as high-speed stirring and 

homogenization to produce Tocornin@ SuprabioTM. 

ti &. 

F. Specifications 

Tables 2-1 to Table 2-3 1 list specifications of palm T W .  In general, specifications have 

the following common characteristics. (1) Palm TRF is a mixture of T3 and a-T and the content 

of a-T is 20-30% of the total tocols present in palm TRFs. For example, palm TRF of Carotech 

and Davos contain approximately 20% and 25-30% of a-T, respectively. (2) Any number in the 

product name indicates the concentration (as a percentage) of total tocols; for example, DVL 30 

means the product contains 30% tocols and 70% (100%-30%) of other components. (3) The 

maximum moisture concentration is 0.5-1% in a liquid form of palm TRF. (4) Palm TRFs are 

available in many forms: liquid (oil suspension), powder, water-soluble emulsion, beadlets, and 

bio-enhanced suspension. (5) Among components other than T3-T, the liquid form contains 

mostly palm oil (GRAS; 21CFR184.1259). The powder form of palm TRF contains maltodextrin 

(GRAS; 21CFR184.1444), modified corn starch (GRAS; 21 CFRl72.892), cyclodextrin (GRAS; 

2 1 CFRl70.36, GRN 000074), tapioca starch, or corn starch instead of palm oil. Water soluble 

TRF contains a mixture of water, sucrose (GRAS; 21CFR184.1854), propylene glycol (GRAS; 

21 CFRl84.1666), glycerol (GRAS; 2 1 CFRl82.1320), palm oil, and sucrose monopalmitate 

(GRAS; 21CFR172.859), instead of palm oil. The emulsion form of palm TRF contains a 

I 
DR*‘ 

I mixture of glycerine (GRAS; 21CFR182.1320) and mono-and diglycerides instead of palm oil. k j  
M 1 -  
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ti , The beadlet form contains a mixture of gelatin, corn starch, sucrose, and ascorbyl palmitate 

(GRAS; 21CFR184.3149) instead of palm oil. 

Palm TRFs also contain phytosterols and squalene as minor components. Vegetable oil 

sterol esters (including beta-sitosterol, campesterol, and stigmasterol; 2 1 CFRl70.36, 

GRN000048) and squalene (fiom olive oil and other oils; 21CFR170.36, GRN000048) are 

recognized as GRAS substances. 

Unless noted otherwise, the palm TRFs have the following common specifications: 

peroxide value 4 0  meq/kg, lead < O S  ppm, standard plate count 4 0 0 0  CFU/g, yeast and mold 

-400 CFU/g, and E. coli and Salmonella-negative, Examples of analytical data for each T3 

preparation are shown in the appendix. 
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a-T3, % 

y-T3, % 
p -T3, % 

Table 2-1. Specifications of Carotech Palm TRF - Tocornin@ 30% (oil suspension) 

6.5 9.0 
1 .o 
12 14 

I Item I Minimum I Maximum I 

6-T3, % 
a-T, % 
Total T3 and a-T. % 

3.3 5.0 
6.0 9.0 
30.0 

Palm oil, % 
Moisture, % 
Plant squalene, % 4.0 

65.0 
1 .o 

Phytosterols, % I 1.0 
Mixed carotene. % I 0.03 

Item 
a-T3, % 
8 -T3. % 

Table 2-2. Specifications of Carotech Palm TRF - Tocomin’ 50% (oil suspension) 

Minimum Maximum 
11.0 14.0 
1.5 

6-T3, % 
a-T, % 
Total T3 and a-T, % 
Palm oil, % 
Moisture, % 

I yT3, % 

5.5 7.0 
10.0 14.0 
50.0 

39.0 
1 .o 

I 20.0 

Phytosterols, % 
Mixed carotene, % 

I 24.0 

3.0 
0.05 

Item 
a-T3, % 
B -T3. % 

I Plant saualene. % I 8.0 I I 

Minimum Maximum 
4.5 6.0 
0.5 

6-T3, % 
a-T, % 
Total T3 and a-T, % 

Table 2-3. Specifications of Carotech Palm TRF - TocomaxTM 20% (powder) 

2.0 3 .O 
4.0 6.0 
20.0 

Moisture, % 
Plant squalene, % 
Phytosterols, % 

I yT3, % 

8.0 
3 .O 
1 .o 

I 8.0 I 10.0 

I Palm oil. % I 20.0 I I 
I Corn starch. % I 52.0 I I 
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y-T3, % 

I 
fi ~, 

3 .O 3.6 

Plant based emulsifiers: Modified corn starch, maltodextrin, cyclodextrins, or corn starch. 

&T3, % 
a-T, 'YO 
Total T3 and a-T, % 
Palm oil. % 

'able 2-7. Specifications of Carotech PalmTRF - Tocobeads@ 7.5% (beadlets) 
Item I Minimum I Maximum 
a-T3. % I 1.65 I 2.1 

0.8 1.05 
1.5 2.1 
7.5 
7.5 

D -T3. % I 0.15 I I 

Alginate, % 
Gum Arabic, % 

40.0 
5.0 

Pea starch, % 
Moisture, % 

~ 

34.0 
8.0 

a-T3, 'YO 
p -T3, % 

y-T3, % 

&T3. % 

Table 2-8. Specifications of Davos palm TRF - Tocotrienol Concentrate DVL 30 (oil suspension) 
I Item I Tvuical content I Minimum I Maximum I 

8.3 
0.6 
11.6 

3.4 
a-T, % 
Total T3 and a-T, % 
Palm oil, % 

9.1 
30.0 49.9 
60.1 70 

I Moisture. % I I I 1.0 I 

Item 
a-T3, % 

I Peroxide value. m e a k  I I I 5.0 I 

Typical content Minimum Maximum 
13.4 

Table 2-9. Specifications of Davos palm TRF - Tocotrienol Concentrate DVL 50 (oil susuension) 

y-T3, % 

6-T3. % 

18.5 

5.7 

I p -T3, % I 1.4 

a-T, % 
Total T3 and a-T, % 

14.7 
50.0 59.9 

Palm oil, % I 40.1 I 50 

I Peroxide value. mea/ke: I I I 5.0 I 
Moisture. % 

15 

I 1.0 
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Item 
a-T3, % 
p -T3, % 

f f Bhrc. 

Typical content Minimum Maximum 
2.0 
0.2 

Table 2-10. Specifications of Davos palm TRF - Tocotrienol Concentrate DVL 70 (oil 

y-T3, % 
6-T3, % 

suspension) 
1 Item I Typical I Minimum I Maximum I 

2.8 

1 .o 

Table 2- 11. Specifications of Davos palm TRF powder- Tocotrienol Powder - DVL 7.5 

I I I 5.0 I 

Table 2-1 2. Specifications of Davos palm TRF powder- Tocotrienol Powder - DVL 10 
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&T3, % 
a-T, % 
Total T3 and a-T, % 
Moisture, % 

Table 2-1 3. Specifications of Davos palm TRF powder - Tocotrienol Powder DVL 20 

2.1 
6.3 

20.0 29.9 
5.0 

Item Typical content Minimum Maximum 
a-T3, % 5.5 
p -T3, % 0.6 
y-T3, % 6.7 

Item 
Total T3 and a-T, % 
Palm oil, % 

Minimum Maximum 
10.0 

90 

Table 2-14. Specifications of Davos palm TRF powder - Tocotrienol Powder DVL 30 

Table 2-15. Specifications of Davos palm TRF - Water Soluble (WS) Tocotrienol 1.5% 

Table 2- 16. Specifications of Carotin0 Palm TRF 10% (oil suspension) 
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Item 
Total T3 and a-T, % 
Palm oil. % 

Table 2-17. Specifications of Carotino Palm TRF 20% (oil suspension) 

Minimum Maximum 
20.0 

80 

Item 
Total T3 and a-T, % 
Palm oil, % 

I Moisture. % I I 1.0 I 

Minimum Maximum 
50.0 

50 

Table 2-18. Specifications of Carotino Palm TRF 50% (oil suspension) 

Item 
A mixture of T3, % 
a-T, % 

Total T3 and a-T, % 
Palm oil, % 
Moisture, % 

Average Minimum Maximum 
15 
5 (25% of the 

20 19.5 
total tocols) 

80.5 
1 .o 

Item Average 
A mixture of T3, % 
a-T, % 7.5 
Total T3 and a-T, % 
Palm oil, % 

22.5 

30.0 

Moisture, % 

Table 2-20. Specifications of SD Bioganic Palm TRF Bio Tri.E 20 

Minimum Maximum 

29.5 
70.5 
1 .o 
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Item Average 
A mixture of T3, % 
a-T, % 

Total T3 and a-T, % 
Palm oil, % 
Moisture. % 

37.5 
12.5 (25% of the 
total tocols) 
50.0 

Table 2-22. Specifications of SD Bioganic Palm TRF Gold Tri.E 50 

Minimum Maximum 

49.5 
50.5 
1 .o 

Item 
A mixture of T3, % 
a-T, % 

Table 2-23. Specifications of SD Bioganic Palm TRF - Gold Tri.E 70 

Average Minimum Maximum 
52.5 
18.75 (25% of the 

Total T3 and a-T, % 
Palm oil, % 
Moisture, % 

I I total tocols) I I I 
70.0 69.5 

30.5 
1 .o 

Item 
A mixture of T3, % 
a-T, % 
Total T3 and a-T, % 

Table 2-24. Specifications of P SD Bioganic Palm TRF - Gold Tri.E 20 Powder 

Average Minimum Maximum 
15 
5 
20 19.5 

Palm oil, % 
Matodextrin, % 

30 
40 

SD Bioganic Palm TRF powder products contain Na caseinate and plant-based emulsifiers (5%) 
and calcium silicate (5%) as an anticaking agent. 

Total T3 and a-T, % 
Palm oil, % 
Matodextrin, % 

Table 2-25. Specifications of SD Bioganic Palm TRF - Gold Tri.E 30 Powder 

30.0 29.5 
30 
30 

Item I Average I Minimum I Maximum 
A mixture of T3. % I 22.5 

I a-T. % I 7.5 I I I 
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Item 
a-T3, % 
p -T3, % 

y-T3, % 

Table 2-26. Specifications of Supervitamins Palm TRF - Super T25 

Minimum Maximum 
5.6 
0.4 
7.9 

Item 
a-T3, % 

a-T, % 
Total T3 and a-T, % 
Palm oil, % 
Moisture, % 1 .o 

Minimum Maximum 
5.6 

Table 2-27. Specifications of Supervitamins Palm TRF - Super T30 

p -T3, % 

y-T3, % 

0.4 
7.9 

Item 
a-T3, % 
p -T3, % 

6-T3, % 
a-T, % 
Total T3 and a-T, % 
Palm oil, % 
Moisture. % 1 .o 

Minimum Maximum 
12.5 
0.5 

Table 2-28. Specifications of Supervitamins Palm TRF - Super T50 

y-T3, % 

&T3. % 

17.0 

7.0 
a-T, % 
Total T3 and a-T, % 

12 
50.0 

Palm oil, % 

20 

I 50 
Moisture. % I 1.0 
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a-T3, % 
p -T3, % 

y-T3, % 

t 

1 

20.0 
1 .o 
26.0 

Table 2-29. Specifications of Supervitamins Palm TRF - Super T80 

Palm oil, % 
Moisture, % 

I Item 1 Minimum I Maximum I 

20 
1 .o 

a-T, % 
Total T3 and a-T, % 
Moisture, % 

. -  I I I 6-T3. % I 12.5 

4.8 
20.0 

8.0 

I a-T. % I 18.5 I I 

Item 
a-T3, % 
I3 -T3. % 

I Total T3 and a-T. % I 80.0 I I 

Minimum Maximum 
6.2 
0.2 

6-T3, % 
a-T, % 
Total T3 and a-T, % 
Moisture. % 

Table 2-30. Specifications of Supervitamins Palm TRF - Super T Powder 20% 

3.5 
6.0 
25.0 

1 .o 

Minimum 1; 1 g l ~  1 Maximum 
a-T3, % 

-T3, % 

y-T3, % 
I &T3. % 1 2.8 I I 

Table 2-3 1. Specifications of Supervitamins Palm TRF - Super T Powder 25% 

1 yT3, % 1 8.5 
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r / _  G. Analytical methods 

Tocopherols and T3 can be analyzed by high performance liquid chromatography 

(HPLC) with an ultraviolet (UV), liquid chromatography-mass spectrometry (LC-MS), or 

fluorescent detector (Yap et al. 1999; Sanagi et al. 2005; Schwartz et al. 2008). Appropriate sample 

preparation methods are to be employed depending on the various matrices. For example, oil 

samples are dissolved in heptane (50-1000 mg/lO ml depending on the expected concentration 

range), filtered in the case of highly concentrated or cloudy solutions, and injected into the 

HPLC system. Margarines and rolling fats are saponified in the presence of 100 mg of ascorbic 

acid as an antioxidant. The vials are flushed with nitrogen for 20 sec before and after addition of 

KOH. Subsequent to saponification and addition of 12 ml of water, analytes are extracted three 

times with 12 ml of heptane-diethyl ether (50:50, v/v). The combined organic extracts are 

washed with 5 ml of 10% aqueous sodium chloride solution (w/v), 10 ml of water and 10 ml of 

0.01M hydrochloric acid, dried over 3 g of sodium sulfate, and evaporated at 30 OC. The solid 

(I e, 

residue can be taken up in 10 ml of heptane and the solution is syringe-filtered prior to HPLC 

analysis. 

The following methods were used in the chemical and microbiological analysis: peroxide 

values by the AOAC 965.33 method; total plate count and yeast and mold by the USP 2021 

method; E. coli and salmonella by the USP 2022 method; and lead by inductively coupled plasma 

mass spectrometry (ICPNS) or atomic absorption (AA) spectrophotometry. 
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11. Natural occurrence and exposure to T3 and a-T. 

A. Food sources of T3 and T 

Table 3 lists the T3 and a-T content of foods eaten by Americans (Franke et al. 2007). 

Intakes of T3 were mainly associated with the consumption of cereal products, margarine, and 

oils (Chun et al. 2006; Franke et al. 2007; Schwartz et al. 2008). The relative abundance of the 

vitamin E homologues (T and T3) in a specific preparation depends on the species of plant and 

the extraction procedure used. Palm oil contains significant quantities of T3. Other sources of T3 

are coconut oil, cereal grains including rice, barley, rye, wheat, and nuts. Palm, rice bran, oat, 

and barley contain vitamin E mostly as the T3 (Ong 1993). The common sources of commercial 

vitamin E such as soy, corn, cottonseed, canola, and sunflower oil distillates contain little or no 

T3. Unlike water-soluble vitamins, T is relatively stable during processing; vitamin E losses after 

bread making were close to 30% (Nandith and Prabhasankar 2009). During frying at 175 C, 

tocopherols have a slow degradation rate with a half-life over 72 h (Normand et al. 2001). 

‘ v- 
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Table 3. Sources of T3 and a-tocopherol (a-T) in foods; mgkg 
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wheat 8.51 
cereals 11.9 
chocolate chip cookies 16 
fig bars 4.8 

2.3 f 1.0 
7.7 f 4.2 
18.7f 11 
8.4 f 3.5 

I fried noodles (chow mein) I 5.2 I 9.2 f 9.2 I 

spaghettilmarinara pasta sauce 4.2 
pie crust, Graham cracker 15.1 
pie crust, frozen, baked 6.5 

I fried noodles (tou ramen) I 52.7 I 16.3 f 4.8 I 
10.9 f 3.1 
12.6 
15.0 

potato chips, plain, salted 
potato chips, plain, salted, 
hydrogenated oils 

I DODCOIII. Microwave I 13.2 I 25.4f2.4 I 
11.1 37.5 f 14.3 
18.6 76.5 f 25.3 

mango 
papaya (green) 
papaya (red) 
papaya (yellow) 
Tamarind, raw 

<0.32 7.9 f 0.9 
<0.33 0.7 
<0.33 1.1 f 0.4 
2.6 6.8 f 8 
0.33 <0.01 

spinach, fresh I 1.7 I11.4f2.0 
sweet Dotatoes I 0.13 I 2.1 

tomato 

turnip greens 
turnip greens, frozen 

tomato soup, canned 

I taro root I 1.2 I 4.1 f 14.1 I 
1.4 5.5 
1.33 2.1 f 0.2 
1.9 19.6 
2.1 19.2 

Miscellaneous foods 
dairy products 
poi 

I tofu. fried I 3.0 I 18.1 I 

0.14 1.16 
0.23 2.0 f 0.4 
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7 ~ 

a -T T3 
Alpha (a) Beta (p) Gamma (r) Delta (6) total 

Palm oil 1 256 143 32 286 69 530 
Palm oil 2 279 274 398 69 74 1 
Rice bran 324 236 349 >909 
oil 

The a -T and T3 content of T3 and T of palm oil and rice bran oil. These oils have similar TRF 

composition profiles. 

Table 4. Content of T3 and T present in palm oil and rice bran oil (mg/kg) 

B. Intended use 

Table 5 presents primary applications of palm TRF that include fats or oils, such as 

margarine, and spread, designer fats and oils, salad dressing, mayonnaise, potato chips and salty 

-.' snacks, bakery products, cookies and crackers, ready-to-eat cereals, cereal bars, granola bars, 

protein bars, and power bars, meal replacement and other hc t iona l  beverages, meatless meat 

products, meatless soups and soup mix, meatless gravies, sauces, and pasta sauces, processed 

fruits, juice drinks and punch, soft drink, frozen dairy desserts and mixes, yogurt, pudding, and 

jello, chocolate milk, flavored milk, soy milk and products, chocolate, candy, confectionary, and 

sweets, and chewing gum. In this GRAS notice, designer fats and oils are defined as the oils that 

are claimed for antioxidant activities and/or vitamin content, and exclude common cooking oils. 

Palm TRF is not intended for use as a coloring agent. 

Intended use levels for each food category are expressed as mg/serving as well as YO Daily 

Values (DV) of vitamin E (a-T). However, it is not possible to express the dosage levels of T3 

as %DV as there is no established DV for T3. 
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Table 5. Intended use of palm TRF. 

Recommended levels, %DV of 

3 -3 0% 

Maximum levels, 
mglsen 
tocols 
2.04 

ng 
a-T 
5.5 

5.5 

3.4 

1.88 

2.04 

1.36 
1 TSP=13.6 B 

2-20% =I 2-1 1% 

salad dressing and mayonnaise, 
27.2 g 
potato chips and salty snacks, 
30 g 
bakery products (breads, rolls, 
croissants), 30-50 g 
Cookies, crackers, 25 g 
RTE cereals, cereal bars, granola 
bars, protein bars, and power bars, 
30 B 

I 

7.5 I 5.62 1.5 

14.4 10.8 2-20% I 3.6 

1 .88 
18.75 

18 

1.75 

1.5 

2-1 1% 
~ 10- 100% 56.25 =r 1.25 

7.5 

10- 100% i T T 0.79 0.26 

meal replacement and other 
functional beverage products (240 
n) and mixes 

7.2 

I meatless meat products (soy 1.05 
based), 70 g 
meatless soups (240 g) and soup 2.7 

~ 

1.02 0.34 

3 4 %  I 1.36 

0.44 

18 
3.8 

1.8 
0.5 1 

_i 1-2.5% 
I mix 

meatless gravies, sauces, and pasta 0.9 

7T-p- 
14.4 10.8 

7.2 
3.6 I processed fruits, juice drinks, and 

punch, 240 g 
soft drinks. 240 P 2.4 

1.36 I frozen dairy desserts and mixes, ?4 2-3% 
C=68 g 
yogurt, pudding and jello, 240 g 4.8 1.8 
chocolate milk, flavored milk, soy 
milk and Droducts. 240 P 

7.2 3.6 

1.8 --i 3-10% Chocolate, candy, confectionary 2.4 

TI 
n from T3. 

0.045 I 0.015 0.18 I 0.135 0.045 0.06 
Daily Values of vitamin E are based on a -T va tes only and do not include any contributi 
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C. Current consumer intake levels 

The Vitamin E intake status of the American population has been estimated using 

Recommended Daily Allowance (RDA) and Tolerable Upper Intake Levels (UL) outlined by the 

Institute of Medicine (IOM) of the U.S. National Academy of Sciences (IOM 2000; Table 6). 

Previous dietary recommendations for vitamin E intake were based on the a-tocopherol 

equivalent (TEV), which was derived by applying conversion factors to all 8 isomers of the 

vitamin E group. However, IOM recognized that a-T is the main form of vitamin E that exerts 

vitamin E activity and that other vitamin E isomers are poorly converted into a-T in humans. For 

dietary recommendation purposes, IOM (2000) has recently established RDAs, estimated 

average requirements (EARS), and ULs for a-T only. Thus, vitamin E intake refers to a-T intake 

in dietary recommendations unless noted otherwise, although other isomers also belong to the 

vitamin E family. The UL is defined as a safe upper level for consumption over a lifetime or the 

highest level of a daily nutrient intake that will most likely present no risk of adverse health 

effects in almost all individuals in the general population. The RDA is the intake level for a 

nutrient at which the needs of 97.5 % of the population will be met. The EAR is the intake level 

for a nutrient at which the needs of 50 percent of the population will be met; thus, the EAR is 

used (such as the percentage of people meeting EAR) when evaluating the nutrient adequacy of 

the population. 

For adults, IOM recommends daily vitamin E (a -T) intake of 15 mg/d. Vitamin E intake 

(a -T) of up to1000 mg/d is considered as safe (IOM 2000). For T3, there are no established ULs. 
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(1 6811' Table 6. Vitamin E (a-T) intake recommendations (IOM 2000) 

1 14-18 I 800 I 
I 19+ ' ,  I 1 5  I 1000 I 

Based on food consumption data reported in the most recent National Health and 

Nutrition Examination Survey (NHANES; 2005-2006) compiled by the U.S. Department of 

Health and Human Services, National Center for Health Statistics and the Nutrition Coordinating 

Center, estimates of 2-d (d) average intakes of vitamin E (as a-T) and T3 were calculated from 

the food code list and the survey database of diet recalls. The usual intake estimation procedure 

requires multiple days of nutrient intake data for at least a representative subsample of the 

individuals in the sample in order to estimate variances (Goldman 2005). The NHANES 

provides the most current food consumption data available for the American population. The 

NHANES was conducted between 2005-2006 with non-institutionalized individuals in the U. S. 

In each of the two survey yrs, data were collected from a nationally representative sample of 

individuals of all ages. 

@sw 
(1 

The food and dietary supplement record for each individual includes the gram weight and 

nutrient data for all foods consumed during the day of the recall. All estimates were generated 

with USDA sampling weights to adjust for differences in representation of subpopulations. 

The NHANES food code list includes the a-T content of each food, but not T3 values. 

Thus, the T3 content was developed by taking the a-T content for each food and multiplying it 

by a conversion factor to estimate the current consumption levels of T3. Based on published 

vitamin E composition tables (Chun et al. 2006, Franke et al. 2007, Heinonen 1991, Ong 1993, 
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Food category 

Breads, cookies, cereals, and cereal Bars 
Pasta 

and Schwartz 2008), the ratio of T3: a-T @e., a conversion factor) was determined for each food 

by category. The categories and conversion factors are listed in Table 7. 

Conversion Factor: 
from a-T to T3 
1.21358 
1.71 

Table 7. Conversion factors of vitamin E 

Desserts 
Nuts 

0.7826 
0.1551 

Popcorn 
Potato chips and salty snacks 

0.52 
0.26 

Margarine, fats, and oils 
Dressings, spreads, and mayonnaise 
Fruits and h i t  products 
Vegetables, excluding sweet potatoes 
Sweet potatoes 

0.1357 
0.4723 
0.1658 
0.1976 
0.062 

Fried tofu 
Poi 

0.1657 
0.1 15 

The most up-to-date vitamin E (a-T) and T3 intake status for the U.S. population ages 1 

Eggs and egg products 
Dairy products 
Mixed dish mostly grain 
Mixed dish mostly beef or chicken 
Fish products 

yr and older are presented in Tables 8 and 9 (NHANES 2005-2006). The median intakes of T3 

0.0238 
0.1207 
1.21 
0.1 
0.00513 

in the U.S. are estimated to be 2.2 mg/d for children aged 1-3 yr and 3.2 mg/d for the population 

Pork products 
General foods (other foods) 

aged 1 yr and above (the entire population)(Cho et al. 2009). The median intakes of vitamin E (a- 

0.9286 
0.55 

T) are estimated to be 3.6 mg/d for children aged 1-3 yr and 5.8 mg/d for the population aged 1 

yr and above; these intakes correspond to approximately 40-56% of RDAs. Over 98% of the U.S. 

30 



Palm-oil derived tocols 

population did not meet the daily recommended intake of vitamin E and over 94% of the 

population did not meet the EAR. Based on the previous nutrient adequacy data that showed a 

similar trend as shown in this analysis, the USDA Dietary Guideline (DG) Committee has 

classified vitamin E as a shortfall nutrient low in the American diet (USDA 2004). None of 

population consumes vitamin E above UL levels; in the 2005-2006 NHANES, the 90* percentile 

intakes were estimated to be 5.1 and 12.5 mg/d in young children aged 1-3 yr and the entire 

population, respectively (Cho et al. 2009). These values represent less than 1.6-3% of the ULs 

established for these age groups. 

Table 8. Tocotrienol and vitamin E (a-T) intakes before the intended use ("ANES 2005-2006) 

$ 1  
'i 

Pctl = Percentile; kg BW=kg body weight 

0.00 10.15 ~0 .00 1:::j 1 0.00 1~:: 10.01 

0.06 3.5 0.17 0.07 0.22 
0.00 0.26 0.01 0.28 0.01 0.39 0.02 

Table 9. Nutrient adequacy of vitamin E (a-T) before the intended use ("ANES 2005-2006) 
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y??’ 
D. Estimated Daily Intake of T3 and a-T from G U S  Uses 

Using food intake data reported in the 2005-2006 NHANES, exposure levels to MPOB 

T3 and a-T that will result from the intended uses were estimated. Results of the exposure 

estimates after fortification with palm TRF in foods for the U.S. population ages 1 yr and older 

are presented in Table 10. The intended use models are reported at two different levels: The first 

set of estimates is based on the assumption that 20% of the products in each food category will 

be under the intended use (assuming 18% of users will consume the recommended levels and 

additional 2% of users will consume the maximum levels of intended use; total 20%). The 

second set of estimates is based on the assumption that 100% of the products are used at the 

maximum levels of T3 specified in the intended use (assuming 95% of users will consume the 

recommended levels and additional 5% of users will consume the maximum levels of intended 

use: total 100%). This is a highly unlikely scenario since it is not possible to use all the food 

groups under the intended use. Also wastage and other losses should be considered. 

jl m/ 

Assuming that 20% of the product will be used under the intended use, the median 

intakes including palm T3 from all GRAS proposed use categories by users of one or more foods 

is 6.4 mg/d for children aged 1-3 yr and 8.6 mg/d for the entire population. The 90th percentile 

intakes including MPOB T3 from all GRAS proposed use categories by users of one or more 

foods are 9.4 mg/d for children aged 1-3 yr and 17.4 mg/d for the entire population. These levels 

correspond to 0.68 mgkg BW/d for children aged 1-3 yr and 0.35 mgkg BW/d for the entire 

population (Table 11). These levels are more than lOOx below the no-observed-adverse-effect 

level (NOAEL) values that have been found from sub-chronic and chronic toxicity studies in rats 

(Nakamura et al. 2001; Tasaki et al. 2008). 
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Even if 100% of the product will be used under the intended use, the median intakes 

including T3 fiom all GRAS proposed use categories by users of one or more foods is 19.1 mg/d 

for male children aged 1-3 yr and 23.8 mg/d for the entire population. The 90fh percentile intakes 

including MPOB T3 from all GRAS-proposed use categories by users of one or more foods are 

28.6 mg/d for children aged 1-3 yr and 49.2 mg/d for the entire population. These levels 

correspond to 2.07 mgkg BW/d for children aged 1-3 yr and 0.99 mgkg BW/d for the entire 

population (Table 10). 

Estimated exposure to vitamin E (a-T) is presented in Tables 10 and 1 1. Intended use 

would significantly improve the vitamin E intake status of Americans. An assumption that 20 % 

of that population are consumers of MPOB a-T leads to estimates of dietary exposure of 

approximately 7.1 mg/d (or 0.54 mg/kg BW/d) for children aged 1-3 yr and 17.9 mg/d (or 0.35 

mgkg BW/d) for the entire population. Even if 100% of the product will be used under the 

intended use, the 95th percentile intakes including a-T from all GRAS-proposed use categories 

are 13.3 mg/d (or 1 .O mgkg BW/d) for children aged 1-3 yr and 29.0 mg/d (or 0.63 mg/kg 

BW/d) for the entire population. These levels are far below the ULs established by IOM; 200 

mg/d for children aged 1-3 yr and 1,000 mg/d for adults. While no population consumes vitamin 

E above the UL, intended use would increase the percentages of people meeting EAR and RDA 

(Table 1 1 ; Cho et al. 2009). Also, these exposure levels are within the Acceptable Daily Intake 

(ADI) of 0.15-2 mg/kg BW/d as defined by the Joint FAO/WHO Expert Committee on Food 

Additives (JECFA; EFSA 2008; WHO 1986). 
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Table 10. Estimated exposure under the intended use 

Table 1 1. Nutrient adequacy of Vitamin E (a-T) under the intended use 

% Above = percentage of people consuming more than EAR, RDA, or UL. 
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I 

ri ~ 

111. Basis for GRAS determination 

A. Current regulatory status. 

It should be noted that a-T (as a chemical preservative and as the nutrient, vitamin E), 

tocopherols (as a chemical preservative and as the nutrient, vitamin E), and a-T acetate (as the 

nutrient, vitamin E) are already listed as GRAS ingredients by the US FDA (21 CFR, Part 

184.1890, 182.8890, and 182.8892) when used in accordance with good manufacturing practice. 

Also, T and a-T acetate are included in the ”Everything” Added to Food in the United States 

(EAFUS) list. The EAFUS list of substances contains ingredients added directly to food that 

FDA has either approved as food additives or listed or affirmed as GRAS. The CAS number for 

mixed tocopherols is 1406-1 8-4, which is a mixture of the following T with their own CAS 

numbers: d-a-T, CAS number 59-02-9; d-p-T, CAS number 148-03-8; d-y-T, CAS number 7616- 

22-0; d-6-T, CAS Number 119-13-1. As mentioned earlier, IOM (2000) and the USDA Dietary 

Guidelines Committee (2004) have recommended the increased consumption of vitamin E for 

Americans of all ages. 

w 

Currently, T3 is not listed as an approved food additive or a GRAS-affirmed 

substance in the U.S. However, dietary supplements containing T3 have been on the market in the 

U.S. as dietary supplements since 1999 under the Dietary Supplements Health and Education Act 

of 1994 (DSHEA). 

Due to the current GRAS approval status of T, this review for GRAS self-affirmation has 

focused on T3. This GRAS determination for TRF is based upon scientific procedures in 

accordance with section 201(s) (21 U.S.C. §321(s)) of the Federal Food, Drug, and Cosmetic Act 

(21U.S.C.§301 et. seq.) (“the Act”), is set forth at 21 CFR 170.30. The following is provided to 

briefly set the stage regarding the GRAS process (US FDA 2008): 
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5) 

Any substance of natural biological origin that has been widely consumed for its nutrient 

properties prior to January 1, 1958, without known detrimental effect, for which no health 

hazard is known, and which has been modified by processes first introduced into 

commercial use after January 1, 1958, which may reasonably be expected significantly to 

alter the composition of the substance. 

Any substance of natural biological origin that has been widely consumed for its nutrient 

properties prior to January 1, 1958, without known detrimental effect, for which no health 

hazard is known, that has had a significant alteration of composition by breeding or 

selection after January 1, 1958, where the change may reasonably be expected to alter the 

nutritive value or concentration of its constituents. 

Distillates, isolates, extracts and concentration of extracts of GRAS substances. 

Reaction products of GRAS substances. 

Substances not of a natural biological origin, including those for which evidence is 

offered that they are identical to a GRAS counterpart of natural biological origin. 

Substances of natural biological origin intended for consumption for other than their 

nutrient properties. 

In general, materials of natural biological origin that have no significant detrimental 

effect and no known health hazard are eligible for GRAS status. Considering that TRF is of 

biological origin, that TRF exists naturally in many foods that have long histories of human 

consumption, and that T W  does not represent a known health hazard, TRF is considered as a 

GRAS substance. 

Documentation qualifying a substance as GRAS has been compiled, where such 

documentation includes technical evidence and common knowledge of safety under the 
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4 **o 
conditions of intended use, as recognized by qualified experts (the Expert Panel). The safety 

requirement for GRAS substances can be supported by this historical consumption (prior to 

1958) as well as by scientific studies. Technical evidence of safety includes the chemical identity 
\ 

of the substance, the method of manufacture, analytical data on composition and specifications, 

estimates of dietary exposure, safety data from animal and human clinical studies, and nutritional 

benefits from animal and human clinical studies. 

The European Scientific Committee on Food (SCF) evaluated the safety of T W  for use 

as a food ingredient and concluded that the use of mixed T and T3 as a source of vitamin E in 

food supplements for the general population at the proposed levels of use is not a safety concern 

(EFSA 2008). Proposed levels include up to 1000 mg of T3 per daily dose, which would result in a 

daily intake of 16.7 mg T3kg BW/d for a 60 kg person. At the international level, the AD1 value was 

estimated to be 0.15 - 2 mg/kg BW, calculated as a-T (WHO 1986). Unlike the US. IOM and WHO, 

two European expert panels set UL based on TEV. The European SCF set a UL of vitamin E (as d-a- 

T) for adults of 300 mg TEV/d (SCF 2003). The U.K. EVM established a NOAEL and UL of 540- 

It *’ 

970 mg TEV (EVM 2003). In this GRAS self-affirmation, the U.S. IOM standard (a-T) is adopted in 

estimating dietary exposure levels of vitamin E since USDA Dietary Guidelines and other dietary 

recommendations in the U.S. are based on the IOM standards. 

B. Intended technical effects 

1. Natural vitamin E 

Natural vitamin E includes eight chemically distinct molecules: T; and a-, p-, y- and 6-T3 

(IOM 2000; Traber and Sies 1996). They cannot be synthesized in the body; thus, vitamin E 

must be obtained from the diet (IOM 2000). a-Tocopherol is known to have the most powerful 
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Form of vitamin E 

d-a-tocopherol (RRR) 

d-y-tocopherol (RRR) 

d-P-tocotrienol 

d-p-tocopherol (RRR) 

d-&tocopherol 
d-a-tocotrienol 

d-y-tocotrienol 

.I 
t vitamin E activity among these 8 isomers. Table 12 presents the relative biological activities of the 
wr 

Relative activity in prevention of fetal 
resorption (%) 
100 
25-50 
1-1 1 
1-3 
29-30 
5 
Not known 

various tocopherols and tocotrienols in the rat resorption-gestation test (Kamal-Eldin and 

Appelqvist 1996). The biological activities of vitamin E are usually compared based on their 

efficacy, when administered orally, that prevents resorption-gestation in 50 % of female rats deprived 

of vitamin E. Symptoms caused by a-T deficiency can be alleviated by T3 (Khanna et al. 2005a; 

Traber et al. 2004). For example, a-T3 restored fertility in TTP-deficient mice (Jishage et al. 

2001). Thus, T3 may be viewed as being members of the natural vitamin E family, not only 

structurally but also functionally. 

Table 12. Relative biological activities (in %) of vitamin E active compounds in the rat 
resorption-gestation test (Kamal-Eldin and Appelqvist 1 996). 

I d-8-tocotrienol I Not known 
Adopted from EFSA 2008 

2. Antioxidant effects 

It is well known that vitamin E compounds have antioxidant properties (Sen 2007; 

Nesaretnam et al. 2008) and have been used as a food additive to prevent oxidation (Theriault et 

al. 2002; Romero et al. 2004; Rossi et al. 2007). Tocotrienols, like T, are capable of scavenging 

and quenching free radicals. Their antioxidative activity resides mainly with its chain breaking 

d’ property, which neutralizes peroxyl and alkoxy1 radicals generated during lipid peroxidation 
9 “w 
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(Nesaretnam et al. 2008) and T3 is more a potent antioxidant against lipid peroxidation than T 

(Serbinova et al. 1991 , 1994; Qureshi et al. 2000; Ahmad et al. 2005). Peroxidation of membrane 

lipids is known to modifl and inactivate cellular components, which can have damaging effects 

on crucial cellular factors, leading to disease. 

In addition, antioxidant properties of T3 may have a role in protection against cancer and 

other ailments (Watson and Preedy 2008; Ahn et al. 2007; Cuddihy et al. 2004; Khanna et al. 

2003,2005a). 

C. Review of safety data 

1. Bioavailability and metabolic fate of T3 

Once ingested, the T3 and a-T form chylomicrons in the intestine when they are released 

Li 
iw 

and mixed with human gastrointestinal fluid to enter the circulation from the intestine. The 

conversion of chylomicrons to remnant particles results in the distribution of newly absorbed T3 

and a-T to all of the circulating lipoproteins and ultimately to tissues (Traber et al. 2004). In the 

liver, newly absorbed dietary lipids are incorporated into nascent very low-density-lipoproteins 

(VLDL). The liver is responsible for the control and release of a-T into blood plasma. a- 

Tocopherol transfer protein (TTP) is required for the release of a-T back into the plasma. a- 

Tocopherol transfer protein has the ability to bind to both a-T3 as well as a-T and TTP is known 

to bind to a-T3 with 8.5-fold lower affinity than that for a-T (Hosomi et al. 1997; Khanna et al. 

2005a). The data indicate that tissue delivery of a-T3 is likely to be compromised when a-T and 

a-T3 are co-supplemented (Khanna et al. 2005a). However, a study of Khanna et al. (2005a) 

with the TTP-deficient mice indicates the existence of a TTP-independent mechanism for the 

xl*. 

tissue delivery of oral a-T3. i 
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!t * Recently it has been demonstrated that y-T is more rapidly metabolized in women than in 

men (Leonard et al. 2005). In rat studies, delivery of oral a-T3 to the heart of females was more 

efficient compared to that of males (Khanna et al. 2005b; Pate1 et al. 2006). The accumulation of 

a-T3 in various organs over time was eliminated in 7 wk when the sub-group of rats was 

subjected to a vitamin E-deficient diet. 

1) Human clinical trials 

In a human study investigating the pharmacokinetics and bioavailability of T3 (Yap et al. 

2001), eight volunteers were administered a single oral dose of mixed T3 (a 300 mg dose of a-, y-, 

and 6-T3) under fed or fasted conditions. The bioavailability of a-T3 under the two conditions 

was compared using the outcomes, peak plasma concentration (Cmax), time to reach peak 

plasma concentration (Tmax), and total area under the plasma concentration-time curve (AUC). 

The absorption of each T3 was 100% greater in the fed state and Cmax was achieved between 3 

and 5 h. A statistically significant difference was observed between the fed and fasted 

logarithmic transformed values of Cmax (P < 0.01) and AUC (0-infinity) (P < 0.01) for all three 

T3. However, no statistically significant difference was observed between the fed and fasted 

Tmax values of the three homologues. The mean apparent elimination half-life (t( 1/2)) of a-, y-, 

(i wn, 

and 6-T3 was estimated to be 4.4,4.3 and 2.3 h, respectively, being between 4.5- to 8.7-fold 

shorter than that reported for a-T. No statistically significant difference was observed between 

the fed and fasted t(1/2) values (Hayes et al. 1993). 

Some TRF preparations, such as Tocornin@ SuprabioTM, contain emulsifiers, self-emulsifying 

drug delivery systems (Sen 2007). Emulsifiers are known to increase absorption of fat-soluble 
t 

fi 
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c ;  w, compounds. A recent study using Tocornin@ SuprabioTM examined the post-absorptive fate of 

tocotrienol isomers (Khosla et al. 2006). The peak plasma concentration of a-T3 (-3 uM) was 2- 

3 times more than the peak concentration reported in previous studies using TRF supplements 

not containing emulsifiers (O'Byrne et al. 2000; Yap et al. 2001). 

2) Animal Studies 

Orally supplemented a-T3 was successfully delivered to several vital organs among 

which the skin, adipose, ovaries, and the heart seemed to be preferred destinations within the 

body of rats (Khanna et a1 2005b; Patel et al. 2006). a-Tocotrienol that accumulated in organs 

for over 2 yr was almost completely lost from the tissues in less than 2 mo after switching to a 

a-T3-deficient diet (Patel et al. 2006). The shorter elimination half life of T3 than that of T 

seems to be dependent on its higher metabolic rate and antioxidant property (Traber and Sies 

1996; Birringer et al. 2002; Cuddihy et al. 2004). The ability of long-term oral supplementation 

to maintain and even increase a-T3 levels in vital organs, together with the rapid elimination 

from all organs studied, underscores the need for continuous oral supplementation of T3. The 

transport efficiency of a-T3 to tissues may be maximized by eliminating the co-presence of a-T 

in the oral supplement (Khanna et a1 2005b). 

t 
i tis“ 

a) Nine-generation rat study (Patel et al. 2006) 

Oral supplementation of T3 (5 mgkg BW; 5 dwk) for 3 yr in 9 generations of female 

and male rat did not show any adverse effects. In this study, 10 vital organs (including skin, 

adipose, heart, lung, brain, spinal cord, ovary, and testes ) were examined. To gain insight into 

the turnover of a-T3 in tissues, a subset of supplemented rats was moved to a vitamin E-deficient 
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diet for 7 wk. Orally supplemented a-T3 was delivered to all vital organs including the brain and 

spinal cord in significant amounts. In organs such as the skin, adipose, and gonads the maximum 

e 
1; 

level of a-T3 achieved in response to supplementation was folds higher than baseline values of 

a-T3 in rats maintained on laboratory chow. The metabolic fate of T3 showed a gender- 

dependency. The level of a-T3 was approximately one magnitude higher in ovaries than in 

testes. Elimination of a-T3 from the enriched ovaries, under conditions of the vitamin E-free diet, 

was observed to be much sharper compared to that from the testes. Females had higher levels of 

a-T3 compared to matched tissues (including skin, heart, and lung) of corresponding males. To 

gain insight into how quickly a-T3 is metabolized in the tissues, washout of a-T3 from vital 

organs was examined. Unlike that for the transport of a-T, the liver does not seem to serve as the 

hub for a-T3 distribution in the body. Levels of a-T3 in the liver were much lower than the 
P- 

( 1  
I ,  

levels noted in most organs studied. a-Tocotrienol that accumulated in vital organs over more 

than 2 yr was almost completely lost in less than 2 mo when the supplementation was stopped. 

This is in sharp contrast with findings related to a-T retention. 

b) Five-generation rat study (Khanna et al. 2005b) 

A long-term study was conducted to examine the effects of a-T3 or a-T supplementation 

(5 mgkg BW/d) over 60 wk, either alone or in combination, on tissue levels. Orally 

supplemented a-T3 was successfully delivered to several vital organs. In this study, rats were 

maintained on a vitamin E-deficient diet and gavaged with a-T3 or a-T alone or in combination. 

Five generations of rats were studied over 60 wk. a-Tocopherol transfer protein-deficient mice 

were supplemented with a-T3 and bred to examine tissue delivery of oral a-T3. Orally 

I supplemented a-T3 was effectively delivered to most tissues over time. When co-supplemented, 
j ** 
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W' ri a-T outcompeted a-T3 for transport systems delivering vitamin E to tissues. To evaluate the 

significance of TTP in a-T3 delivery to tissues, tissue levels of a-T3 in supplemented TTP- 

deficient mice were studied. a-T3 was transported to several vital organs in TTP-deficient mice. 

a-Tocotrienol restored fertility in TTP-deficient mice. The transport efficiency of a-T3 to tissues 

may be maximized by eliminating the co-presence of a-T in the oral supplement. 

The gender-specific effect (better transport of T3 in females than in males) was noted as a 

general trend across all organs studied. The level of a-T3 in the ovary was over 5-fold higher 

than that in the testes from the corresponding males rats. No adverse effects were found. 

2. SafetyRoxicity of Palm TRF-Preclinical studies 

The results of various animal studies are summarized in Table 13. All the experiments 

ii were conducted under good laboratory practice (GLP). As shown in Table 13, a 52-wk chronic 

toxicity study (Tasaki et al. 2008) showed the no-observed-adverse-effect level (NOAEL) as 
&+a* 

0.4% palm TRF in the diet (or 303 mgkg BW/d for males, and 472 mg/kg BW/d for female rats). 

A subchronic toxicity study of Nakamura et al. (200 1) showed no abnormality at the 0.19% TRF 

in diet (or 120 mgkg BW/d for males, and 130 mg/kg BW/d for female rats). 

A 5 week chick study (Yu et al. 2006) indicated that safe intake was estimated to be up to 1000 

mg/day. Thus, the NOAEL of TRF appears to be 0.4% in diet, Also a subacute toxicity study 

(14 d) on the TRF from rice bran oil in rats showed that up to 0.5% TRF in the diet was safe 

(Sheppard et al. 1996). In addition, various studies reported cancer-preventive effects of palm 

TRF at lower levels. 
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Result 
No abnormalities 

No abnormalities 

No abnormalities 

Reference 
Nakamura 
et al. 2001 
Nakamura 
et al. 2001 
Tasaki et 
al. 2008 

Abnormal pathological 
changes in male liver and 
hematological changes in 
females 
Abnormal pathological 
changes in liver 
No abnormalities 

Nakamura 
et al. 2001 

Tasaki et 
al. 2008 
Yu et al. 
2006 

v of Dalm TW. Studies on subacute, subchronic and chronic toxic Table 12 
Species 
Male rat 

Duration Dose of TRF 
120 mg/kg/d or 0.19% in diet 

130 mg/kg/d or 0.19% in diet 
(T3-78.6%; a-T-21.4%) 

(T3-78.6%: a-T-21 .4%) 

Route 
Feed 13 wk 

Female 
rat 

Feed 13 wk 

Male rat Feed 303 mg/kg/d or 0.4% in diet 
(T3-78.7%: a-T-21.3%) 

52 wk 

Female 
rat 

Feed 472 mg/kg/d or 0.4% in diet 
(T3-78.7%: a-T-21.3%) 

52 wk No abnormalities Tasaki et 
al. 2008 

Rat 0.75% and 3% in diet 
(T3-78.6%; a-T-21.4%) 

Feed 

Feed 

Feed 

13 wk 

52 wk 

5 wk 

1-2 % in diet 

1000 mg/d 
(T3-78.7%; a-T-21.3%) 

Rat 

Chick 

Rat Gavage 14 d No abnormalities Sheppard et 
al. 1996* 

5000 mgkg 
(T3-80%; a-T-20%) 

*All the studies used palm TRF except the study of S 
from rice bran oil. 

eppard et al. (1996). This study employed TRF 

Table 14 summarizes the toxicity studies on palm oil and rice bran oil, which share 

similar TRF composition profiles. This review does not include other oils whose TRF 

compositions are different from that of palm TRF. For example, annatto oil TRF contains 85- 

92% &T3 and palm TRF has approximately1 0% &T3. 

A subacute toxicity of palm oil extract (containing 80% T3) in young rats and mice 

demonstrated that up to 2500 mgkg BW was safe (00 et al. 1992). Also, repeatedly heated 

refined and crude palm oils showed no mutagenicity (Manorama et al. 1989). All the 

experiments were conducted under GLP. 

In addition, various studies showed no teratogenic effects and genotoxicity of rice bran 

oil. A diet containing 10% rice bran oil, as compared to peanut oil, had no teratogenic effect 
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Species Route Test material Duration 
Rat Oral Palm oil extract, 30 d 

(Raghuram and Rukmini 1995). Rice bran oil concentrate representing the T3-T preparation up P 
Ei ~ 

Result Reference 
No abnormalities 00 et al. 1992 

to 5000 ug/plate had no mutagenic activity in an Ames test (Polasa and Rukmini 1987). 

Rat 

Table 14. Toxicity studies of palm oil and rice bran oil 

2.5 mgkg BWld 
Feed 5% red palm oil in 42 d No abnormalities Watkins et al. 

S. typhimurium 
diet 200 1 

Wl & wlo Heated (8-24 h) 48 h No mutagenic Manorama et 
TAl-00 and 
TA98 
S. typhimurium 
TA 100 and 
TA98 
Rat 

metabolic refined and crude activity al. 1989 
activation palm oils 
Wl & wlo 5000 uglplate rice 48 h No mutagenic Polasa and 
metabolic bran oil concentrate activity Rukmini 1987 
activation 
Feed 10% rice bran oil Over 3 Normal Raghuram and 

generations reproductive Rukmini 1995 
performance and 
no teratogenicity 

I 

1; 
Details & 

1) A 13-week sub-chronic toxicity study (Nakamura et al. 2001) 

Nakamura et al. (2001) performed a 13-wk oral toxicity study in 344 5-wk-old Fischer 

rats of both sexes (10 rats/sex/group) at dose levels of 0 (group l), 0.19 (group 2), 0.75 (group 3) 

and 3% (group 4) of palm TRF (Eisai Co., Japan) in the diet. The high dose level of 3% was 

determined based on a pilot study in which 5%, but not 3%, TRF diet was refused by rats. The 

mixture used in this study had the following composition: a-T3 21.4%, p-T3 3.5%, y-T3 36.5%, 

6-T3 8.6%, a-T 20.5%, p-T 0.7%, y-T 1 .O% and 6-T 0.5%. The composition of palm TRF used in 

this study was similar to those of MPOB palm TRF: a-T3 20%, p-T3 3.3%, y-T3 25%, 6-T3 8.3%, 

and a-T 23.3%. Because the chemical used in this study contained T, another group (group 5) 
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f ;  was fed a diet containing 0.69% a-T (Tama Biochemistry Co. Ltd), which was identical to the 

concentration of T in the high-dose (3%) group to assess the influence of T itself. 

Suppression of body weight gain was observed in group 4 males. On hematological 

examination, a significant decrease in mean corpuscular volume (MCV) was observed in all 

treated males. Platelets were significantly reduced in group 3 and 4 males. Hemoglobin 

concentration, MCV, and mean corpuscular hemoglobin (MCH) concentration were significantly 

decreased in group 3 and 4 females (0.75-3% TRF in the diet) and hematocrit (Ht) in group 4 

females. Increases in the albumidglobulin ratio (A/G) and alkaline phosphatase (ALP) in all 

treated males, elevated alanine transaminase in group 4 of both sexes, and increases in 

asparagine transaminase and g-glutamyl transaminase in group 4 females were observed. With 

regard to relative organ weights, liver weights in group 4 of both sexes and adrenal weights in all 
*, 

f treated males demonstrated an increase, and ovary and uterus weights in group 4 females were 41 

reduced. 

As a decrease in MCV, an increase in the A/G, elevation of ALP, and increase in adrenal 

weight were observed in all treated males, a NOAEL could not be determined in this 

examination. Histopathologically, slight hepatocellular hypertrophy in group 3 and 4 males and 

reduction of cytoplasmic vacuolation in the adrenal cortical region in group 4 males (3% TRF in 

the diet) were observed. Because of pathological changes in male liver and hematological 

changes in females, the authors concluded that the NOAEL was 0.19% in the diet (1 20 mgkg 

BW/d for male rats and 130 mgkg BW/d for female rats). 
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t; w 2) 52 week chronic toxicity study (Tasaki et al. 2008) 

Tasaki et al. 2008 performed a 52-wk chronic study using Wistar Hannover rats of both 

sexes (10 rats/sex/group) given the compound at doses of 0, 0.08,0.4, or 2% palm T W  (Eisai 

Co., Ltd.,Tokyo, Japan) in a powdered basal diet. Complete dissociation from T was impossible 

and the mixture used in this study had the following composition: a-T3 21.4%, p-T3 3.5%, y-T3 

36.5%, &T3 8.6%, a-T 20.5%, p-T 0.7%, y-T 1.0%, and 6-T 0.5%. Since 6 animals in the 2% 

male group died of hemorrhage of several organs by week 50, the maximum dose level was 

changed to 1% in both sexes for the last 2 wk. A decrease in body weight gain was observed in 

the 2% males from week 5 and females from week 10, persisting to the end of the study. With 

the high dose, prolongation of prothrombin time (PT) and increase of serum ALT in males, as 

well as an increase of serum ALP in both sexes, were observed. In male and female rats 

receiving 0.4% or less, there were no toxicological changes in any of the criteria examined. At 
*I* 

4 

necropsy, multiple cyst-like nodules on the liver surface were macroscopically pronounced in 

both sexes receiving 2%. On histopathological examination, hepatocellular nodules were evident 

with distortion of hepatic cords and compression of the surrounding tissue, almost all including 

areas of spongiosis hepatis. The constituent hepatocytes were immunohistochemically stained 

with proliferation cell nuclear antigen at high rates. Nevertheless, they did not exhibit overt 

atypia and the basic lobular architecture remained intact. Additionally, they were consistently 

negative for glutathione S-transferase placental form (GST-P). Quantitative GST-P analysis of 

the liver sections overall showed numbers of GST-P foci in the high dose females to be 

significantly elevated as compared to the control value. Based on the data demonstrating nodular 

liver lesions only at the high dose of both sexes, the authors concluded that the NOAEL was 

0.4% (303 mg/kg BW/d for males and 472 mgkg BW/d for females). 
ly 

i 
i 
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3) 4 week chick study (Yu et al. 2006) 

Diets supplemented with 50 (1 15 umol/kg diet), 100 (230 umolkg), 250 (575 umol/kg), 

500 (1 150 umol/kg), 1000(2300umol/kg), or 2000 (4600 umol/kg) pprn of palmTRF, a-T, a-T3, 

y-T3, or &T3 were fed to 204 White Leghorn female chickens (divided into 34 groups) weighing 

40-50 g for 4 wk. Supplemental palm TRF produced a dose-response (50-2000 ppm) lowering of 

serum total and LDL cholesterol levels of 22% and 52% (P < 0.05), respectively, compared with 

the control group. Supplemental a-T3 within the 50-500 ppm range produced a dose-response 

lowering of total (1 7%) and LDL (33%) cholesterol levels. The more potent y- and &isomers 

yielded dose-response (50-2,000 ppm) reductions of serum total (32%) and LDL (66%) 

cholesterol levels. A lowering of LDL cholesterol was achieved with higher levels of a-T; 2,000 

ppm showed a modest response compared with responses to palm TRF and the individual T3, 
*. 

4 w 
yielding a 6% reduction. HDL-cholesterol levels were minimally impacted by the T3; thus 

HDLLDL cholesterol ratios were markedly improved (123-1 50%) by the supplements. Serum 

triglyceride levels were significantly lower in subjects receiving the higher supplements. 

There were no supplement-induced changes in weight gain, weight of organs, or feed 

consumption. The study suggest that a T3 and/or a-T concentration up to 1000-2000 ppm (or 

1000-2000 mg/kg diet) in the diet can show beneficial effects without having side effects. 

4) Subacute toxicity studies of palm oil extract in mice and rats (00 et al. 1992) 

Palm oil extract (containing 80% T3 and 20% a-T) administered to young Sprague- 

Dawley rats (weighing 150-1 80 g) and albino mice (weighing 15-20 g) at a dose of up to 25,000 
I** ~ 

mg/kg BW for 30 d showed no appreciable adverse effects in animals with respect to physical 
jl 
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manifestations or behavioral changes (00 et al. 1992). In this study, the animals were fed daily 

doses (250,500, 1000, or 2500 mg/kg) of palm oil extract in refined, bleached and deodorized 

olein for 30 d. Results indicated that treated rodents did not exhibit any physical abnormalities or 

unusual behavior. However, some sluggish motor activity was manifested. Hematology, serum 

biochemistry, and histopathological observations were not made in this study. Interestingly, 

treated mice gained weight significantly whereas treated rats grew normally over the 30 d period. 

The authors concluded that palm oil extract, in extremely high doses, did not appear to produce 

appreciable adverse effects in the animals used. 

Watkins et al. (2001) studied the effect of red palm olein on bone metabolism in growing 

rats. Rat growth was not affected by the dietary lipid treatments after 42 d of feeding (up to 5% 

red palm oil in diet). As compared to the soybean oil group (3.5% in diet), the concentrations of 

I saturated fatty acids and monounsaturated fatty acids were higher but polyunsaturated fatty acids 

(PUFA) lower in tibia marrow of rats given the palm oil treatments compared with those given 

t i  rcw’ 

soybean oil. The reduction in total n-6 PUFA concentration in bone of rats given palm oil was 

associated with higher bone specific alkaline phosphatase activity and endosteal mineral 

apposition rate and bone formation rate in tibia. No difference was found in ex vivo prostaglandin 

E2 (PGE2) production in femur from rats. The histomorphometric analyses indicated that red 

palm olein might support bone formation and bone modeling in growing rats. Palm oil or palm 

antioxidants may play a role in bone formation. 

5) Carcinogenicity 

At high concentration (2% in diet), T3 may be a hepatocarcinogen in female rats (Tasaki 

f 
t o ,  

et al. 2008). However, long-term administration of T3 at a dose of 30 ppm was shown to exert a 
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preventive effect on liver tumor development in the Solt and Farber hepatocarcinogenesis model 

(Rahmat et al. 1993). This study investigated the effects of long-term administration of T3 on 

hepatocarcinogenesis in rats (28 male 7- to 8-wk-old Rattus norwegicus rats, weighing 120 to 

160 g) induced by diethylnitrosamine (DEN) and 2-acetylaminofluorene (AAF). The T3 was 

composed of 80% y-T3,20% a- and P-T3 supplied by PORIM, Malaysia. The rats were killed 

after 9 mo and the livers were examined morphologically. Grayish white nodules (2/liver) were 

found in all the DEN/AAF-treated rats (n = lo), but only one of the rats treated with DEN/AAF 

and supplemented with T3 (n = 6) had liver nodules. The authors concluded that T3 

supplementation attenuated the impact of the carcinogenesis in the rats. 

Tocotrienols inhibit the growth of hepatoma cells but not that of hepatocytes from 

healthy rat liver (Sakai et al. 2004). Tocotrienols killed murine liver cancer cells but not normal 

cells (Har and Keong, 2005). Research indicates that T3 has an inhibitory effect on angiogenic 

factor secretion from cancer cells and mediates inhibition of growth factor-induced survival, 

migration, and angiogenesis signals (Miyazawa et al. 2008,2009). Tocotrienols act on cell 

proliferation in a dose-dependent manner and can induce programmed cell death (Nesaretnam et 

al. 2008). At concentrations of 0.5-5.0 ug/mL, palm TRF dose-dependently protected against 

LPS-induced cell death ( A h  et al. 2007). 

Consistent with observations made in other in vitro systems, T3 inhibits the growth of 

breast cancer cells in vitro and in vivo (Guthrie et al. 1997; Yu et al. 1999; Takahashi and Loo 

2004; Nesaretnam et al. 1998,2000,2004; Elangovan 2008) as well as prostate cancer cells 

(Kumar et al. 2006; Srivastava and Gupta, 2006), gastric cancer cells (Sun 2008,2009), and 

colon cancer cells (Shibata et al. 2008). 
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Tocotrienol is effective in suppressing mevalonate synthesis. By doing so, T3 can deplete 
t t  R) 

tumor tissues of two intermediate products, farnesyl pyrophosphate and geranylgeranyl 

Pyrophosphate (Pearce et al. 1994). 

6) Genotoxicity 

The mutagenic potential of repeatedly heated (8- 24 h) refined and crude palm oils has 

been examined using the Ames test with Salmonella typhimurium strains TA100 and TA98 with 

and without metabolic activation (rat liver S9 fraction; Manorama et al. 1989). Benzo (a) pyrene 

(5 ug/plate) and sodium azide (1 ug/plate) were used as positive controls for TA 98 and TA 100 

respectively. Dimethylsulfoxide (DMSO)-based extracts of the unheated crude and heated 

refined palm oils did not show mutagenic activity in these tests. 

r Oliveira et al. (1 994) investigated the genotoxicity of red palm oil on bone marrow cells 
W” 

fi 

from 8-10 wk old Balb/C female mice. Experimental groups received daily doses of 4.5 g/kg 

supernatant and sediment of red palm oil (no information on TRF content). Corn oil served as the 

negative control and cyclophosphamide (20 mgkg intraperitoneally) was used as the positive 

control. There were no differences in the frequency of chromosomal aberrations between the two 

groups of mice. 

7) Related studies 

a) Subacute toxicity study on the TRF from rice bran oil in rats 

Exposure of rats up to 0.5% TRF in diet (rice bran oil source, representing the T3 and T 

preparation) by gavage resulted in no deaths and no abnormal clinical observations 

during the 14 d observation period (Sheppard et al. 1996). 
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b) The mutagenicity of rice bran oil concentrate. 

A dimethylsulfoxide (DMSO)-based extract of rice bran oil (up to 5000 ug per plate) was 

reported to reveal no mutagenic activity in an Ames test using Salmonella typhimurium 

strains TA98 and TAlOO with and without metabolic activation (Polasa and Rukmini 

1987). Also snack foods fried in rice bran oil did not have any mutagenic effects in the 

bacterial screening system (Polasa et al. 1987; Raghuram and Rukmini 1995). 

c) Reproductive and developmental toxicity 

A review of Raghuram and Rukmini (1 995) documented normal reproductive 

performance and lack of teratogenicity of rice bran oil in albino rats of NIN Wistar strain 

(1 5 males and 15 females in a three generation study). A diet containing 10% rice bran 

oil, as compared to peanut oil containing relatively lower amounts of T3, did not result in 

differences in conception, birth weights, litter size, weaning weights, and pre-weaning 

mortality, and had no teratogenic effect. There were no differences in body weight, feed 

efficiency ratio, and nitrogen, phosphorus, and calcium balances in the animals over three 

generations. 

3. Safety/Toxicity of T3 and/or Palm TRF - Clinical studies 

A number of clinical trials have been conducted with T3 and T and few side effects have 

been reported (EFSA 2008). Palm oil is a rich source of T3 that has been a traditional staple food 

in several Asian countries and also in some African countries. Table 15 summarizes human 

clinical studies on palm TRFs which had primary endpoints of DNA damage, blood lipid profiles, 

oxidative stress, andor bioavailability. As shown in Table 15, daily consumption of up to 330- 

360 mg palm TRF was not associated with any adverse effects in healthy persons as well as in e. x 
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subjects 
22 healthy 
3 6 healthy 
64 healthy 
52 healthy 

subjects with hypercholesterolemia or non-insulin-dependent diabetes mellitus (NIDDM). In 

these studies, the percentages of T3 in palm TRF varied from 70% to 1 OO%, and the proportion 

of a-T ranged from 0 to 30%. 

60 mg/d 70:30 6 mo. Tan et al. 1991 
80-320 mg/d Mixed (1 5% S-) 8 wk Rasool et al. 2006 
160 mg/d 74:26 6 mo Chin et al. 2008 
250 mg/d Individual doses 8 wk O’Byrne et al. 2003* 

Table 15. Human clinical studies reporting no adverse effects of palm TRF 
Number and status of I Dose of TRF I Ratio of T3: a-T I Duration I Reference 

hypercholesterolemic 
50 carotid 

other -day 2007 
330 mg/d 72.7:27.3 18 mo Tomeo et al. 1995 

of a-, y- or 6- 
tocotrienyl acetate 

atherosclerosis 
50 carotid 
atherosclerosis 
32 NIDDM 

56 mg/d 40:16 2-3 yr Kooyenga et al. 

360 mg/d 80:20 60 d Wan Nazaimoon et 
1997,2001 

al. 1996 

In addition, studies on rice bran TRF did not report any adverse effects (Qureshi et al. 

1997,2001,2002; Kooyenga et al. 2001; Baliarshingh et al. 2005; Rubin et al. 2008). 

53 



Palm-oil derived tocols 

3 mg/day T3; 
0.04 mg/kg 
B W/day ; 
0.3 3mgkg 
BW/d from a 
processed rice 
bran oil 
25,50, 100, and 
200 mg/d 
1 12 mgld 

3mg/kg BW/d 

Table 16. Human clinical studies reporting no adverse effects of rice bran TRF 

I Number and status of I Dose of T3 I Ratio of T3: a-T I Duration I Reference 

T3: a-T: 6-T= 35-70 d Qureshi et al. 2001 
86.9:8.7: 4.4 

25 mg a-T, 42 4 wk Qureshi et al. 1997 
mg yT, 20 mg 6- 
T 

T3: a-T: 6-T= 5 wk Qureshi et al. 2002 
86.9:8.7: 4.4 
T3:a-T=52:60 3 yr Kooyenga et al. 

T3:a-T=92.5: 7.5 60 d Baliarshingh et al. 
200 1 

subjects 
28 hypercholesterolemic 

23 familial dysautonomia 

36 hypercholesterolemic 

2005 
100 mg/d NA 3-4 mo Rubin et al. 2008 

90 hypercholesterolemic 

25 carotid atherosclerosis 

19 NIDDM 

Details 

L 
1* 1) DNA damage study-at 160 mg/d for 6 mo 

** 

Chin et al. (2008) evaluated the effect of T3 on DNA damage. In this study, a daily dose 

of 160 mg of commercially available palm TRF (a mixture of a -, p-, y-, and 6-T3 and a-T) was 

given for 6 mo to 64 healthy subjects aged 37-78 yr. The total T3 isomer ratio compared with T 

is approximately 74:26. No adverse effects were reported. Instead, results showed a significant 

reduction in DNA damage as measured by the comet assay after 3 mo (P < 0.01) and remained 

low at 6 mo (P < 0.01). 

2) Lipid profile studies- 140-360 mg/d for up to 36 mo. 

In general, the palm TRF lowered blood cholesterol concentrations without showing any 

adverse effects in healthy volunteers and subjects with hypercholesterolemia or NIDDM. For 

example, administration of 60 mg palm TRF in 22 healthy Malaysian subjects (with no age 

limitation) for 30 d lowered both serum total cholesterol (TC) and low-density-lipoprotein 
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b 

cholesterol (LDL-C) concentrations. The magnitude of reduction of serum TC ranged from 5 to 

35.9% whereas the reduction of LDL-C values ranged from 0.9 to 37.0% when compared with 

i m  

their respective starting values. No adverse effects were reported (Tan et al. 1991). 

Rasool et al. (2006) assessed the effects of TRF supplementation (up to 320 mg/d of TRF 

composed of 34.6% a-T3,24.6% y-T3, 15% 6-T3, and 26.2% a-T: Golden Hope Plantations, 

Malaysia) for 2 mo on blood lipid profiles and arterial compliance in 36 healthy Malaysian men. 

The authors stated that the palm TRF supplements at doses up to 320 mg/d were well-tolerated 

with no serious adverse events. 

The palm TRF was tested in 16-25 hypercholesterolemic Malaysian subjects aged 30-60 

yr at a dose of 200 -300 mg/d over a 4-8 wk period (Qureshi et al. 1991, 1995). Significant 

reductions in serum total cholesterol, LDL cholesterol, apolipoprotein B, thromboxane B2, and 

platelet factor were observed. No adverse effects were reported. i 

‘ i  &- 

In a study with 44 Australian subjects with hypercholesterolemia (aged 25-75 yr; 

Wahlqvist et al. 1992), administration of palm oil for 20 wk (up to 240 mg T3/d) did not show 

any changes in serum lipid profiles and plasma prostaglandins and platelet functions. No adverse 

effects were reported. 

Mensink et al. (1999) reported that the TRF supplements (240 mg palm TRF/d for 4 wk) 

used had no adverse effects in 41 Netherlands men with slightly elevated lipid concentrations 

(aged 2 1-61 yr). Also, the study of Wan Nazaimoon et al. (1 996) showed that administration of 

360 mg palm TRF/d (a mixture of 288 mg T3 and 72 mg a-T) for 60 d did not cause adverse 

changes in 32 Malaysian subjects with NIDDM (aged 3 1-70 yr). 

Ajuluchukwu et al. (2007) studied the effect of palm oil TRF on the serum lipid profiles 
c. 

f 

k s v  

of 28 individuals aged 18-80 yr with mild hypercholesterolemia and another cardiovascular risk 
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factor. Subjects were randomly assigned to consume tocotrienols as TOCOVIDTM SuprabioTM 
tw 

capsules (consisting of 15.38 mg a-T3,28.20 mg y-T3,6.42 mg 6-T3 and 22.90 mg a-T) or 500 

mg or 1000 mg vitamin E (a-T) capsules per day or every other day (n=16) for 4 weeks. 

Compared to the T supplement, the T3 supplement significantly decreased total cholesterol and 

LDL-cholesterol, but not HDL-cholesterol or triglyceride concentrations. No information about 

adverse effects was reported. 

Kooyenga et al. (1 997,2001) investigated the effect of supplementation with an extract 

from palm oil (52 mg of T3,60 mg of a-T) for 2-3 yr on carotid atherosclerosis. The authors 

stated that there were no reports of headache, intestinal upset, muscle weakness, or persistent 

liver weakness abnormalities in the 50 Malaysian subjects studied. 

In another placebo controlled study, a-, y, and 8-T3 acetates were administered individually 

4 iirv 
to 52 American healthy subjects at a daily dose of 250 mg for 8 wk (O'Byrne et al. 2000). No 

adverse effects of T3 ester ingestion were observed in this study. 

As shown in Table 16, several studies reported no adverse effects with the 

supplementation of TRF or a processed oil extracted from rice bran oil. Qureshi et al. (1 997) 

performed a randomized double blind placebo controlled trial in which 41 hypercholesterolemic 

Malaysian subjects were first placed on the low fat diet for 4 wk and then given 200 mg/d of TRF 

from rice bran oil or corn oil as placebo. No adverse effects due to T3 ingestion were observed. 

Qureshi et al. (2001) investigated the efficacy of TRF of rice bran alone and in 

combination with the cholesterol lowering drug, lovastatin. The TRF consisted of 8.7% a-T, 

4.4% 6-T, and 86.9% T3. The combination of TRF and lovastatin significantly reduced lipid 

metabolites by 20 - 25% (P < 0.001) in these subjects. The authors stated that subjects reported 

I -"i no side effects during the 25-wk study. 
I *., 
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Qureshi et al. (2002) investigated the effect of 4 doses (25, 50, 100, and 200 mg/d) of a 

TRF (8.7 % a-T, 15.5 % a-T3, 1.6% P-T3, 39.4 % y-T3, 5.2 % 6-T3, and 4.4 % 6-T, 20.9% D- 

desmethyl (D-P~I-T~),  plus D-didesmethyl (D-P~s-T~) T3,4.3 % unidentified tocotrienols) 

extracted and purified from rice bran oil on the suppression of serum cholesterol in Malaysian 

adults. No information on adverse effects was reported in the study. 

Baliarsingh et al. (2005) reported the therapeutic impacts of palm TRF (3 mg palm 

TRFkg BW/d, 60 d) on serum lipoprotein lipid levels in 19 Indian subjects with NIDDM. The 

composition of tocols in palm TRF was 7.5% a-T, 14.6% a-T3,2.2% P-T3, 38.8% y-T3,4.6% 

y-T, and 29.9% &T3. No adverse effects were reported. 

Kooyenga et al. (2001) investigated the effect of supplementation with an extract from 

rice bran for 1 yr on carotid atherosclerosis. Each rice bran oil capsule (produced by Rangsit 

Biotech, Bangkok) provided 52 mg of T3 and 60 mg of a-T. The authors stated that there were 

no reports of headache, intestinal upset, muscle weakness, or persistent liver weakness 

abnormalities in the 50 Malaysian subjects studied. 

I 
W# 

3) Oxidative stress and biomarker test- 240 mg/d T3 and 90 mg/d a-T for 18 mo 

In a randomized, placebo-controlled study, 50 subjects (aged 49-83 yr) with carotid 

atherosclerosis received palm TRF (240 mg T3 and 90 mg T/d) or placebo in addition to standard 

medical therapy over 18 mo (Tomeo et al. 1995). Serum measures of oxidative stress (TBARS) 

showed a significant decrease with no appreciable change in serum lipids or other biochemical 

markers. Both T3 and placebo groups displayed attenuated collagen-induced platelet aggregation 

responses (P < 0.05) as compared with entry values. Serum total cholesterol, low density 
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lipoprotein cholesterol, and triglyceride values remained unchanged in both groups, as did the 

plasma high density lipoprotein cholesterol values. No adverse effects were reported. 

4) Bioavailability study - 300 mg, a single dose 

In a study reported by Yap et al. (2001), healthy volunteers were administered a single 

oral dose of 300 mg TRF (841 mg T3 and 23.3 mg a-T, Tocovid, Hovid Pte.Ltd, Malaysia) 

under fed or fasted conditions to study their bioavailability. No adverse effects were reported. 

4. Safety of vitamin E 

Three international expert groups have recently evaluated the safety of vitamin E: the 

Antioxidant Panel of the Food and Nutrition Board at the IOM of the U.S. National Academy of 
, .  

Sciences (IOM 2000), the EU Scientific Committee on Food (SCF 2003), and the UK Expert group 

on Vitamins and Minerals (EVM 2003). The IOM set the tolerable upper intake level (UL) for adults 

f j w  

at 1000 mg/d of any supplemental form of a-T (IOM 2000). Unlike the IOM’s recommendations that 

are based on a-T only, two European expert groups set the ULs of vitamin E based on TEV. The 

SCF, based on a placebo controlled, dose-response supplementation study in 88 healthy humans 

(Meydani et a1.1998), set the NOAEL at 540 mg TEV, the highest dose used in the study. 

Considering an uncertainty factor of 2 to cover for inter-individual differences in sensitivity, the SCF 

established an UL of 270 mg TEV for adults, which was rounded to 300 mg TEV (SCF 2003). The 

EVM established a NOAEL of 540-970 mg TEV, based on three placebo controlled human studies 

(Gillilan et al. 1977, Meydani et al. 1998, Stephens et al. 1996, EVM 2003). An uncertainty factor to 

account for inter-individual differences was not considered since the results of the larger trial by 

Stephens et al. (1 996) support a NOAEL of 540 mg TEV, so that the UL (defined by the EVM as a 
X I  

(I 
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Rat 
Rat 

safe UL for consumption over a lifetime) was established as 540 mg TEV for supplemental vitamin E 

Oral 13 0 mg/kg/d 2 mo No abnormalities Demole 1939 
Oral 100 mg/d 4 mo Small increase in Weissberger and Harris 

(EVM 2003). 

phosphorus 
turnover in the 
femur. Otherwise, 

Most of the safety studies on vitamin E were carried out in the past few decades. Table 

1943 

17 summarizes subacute and subchronic toxicity studies that have been carried out in animals 

Rat 

(Demole 1939; Weissberger and Harris 1943; Levander et al. 1973; Dysma and Park 1975; 

no abnormalities 
Oral 10 mg/d 4 mo No abnormalities Weissberger and Harris 

1943 

Krasavage and Terhaar 1977; Abdo et al. 1986; Diplock 1995). There is no evidence that there is 

Rat 

Rat 

any detrimental effect attributable to vitamin E up to 500 mg/kg diet. 

Feed 500 mg/kg diet 1 mo Small effect on Levander et al. 1973. 

Feed 875and1750 3 mo No abnormalities Dysma and Park 1975 
liver TG 

Table 17. Studies on subacute and subchronic toxicitv of vitamin E. 

Rat 

Rat 

SPecies I Route I Dose I Duration 1 Result I Reference I 

mgkg  
Feed 0.0002 and 0.2% in 3 mo No abnormalities Krasavage and Terhaar 

diet 1977 
Gavage 125-500 mgkg 3 mo No abnormalities Abdo et al. 1986 

2000 mgikg 3 mo Extended 
prothrombin time 

Table 18 shows that there is no adverse effect of vitamin E (up to 2% in diet) with respect 

to the teratogenicity and reproductive toxicity (Hook et al. 1974; Krasavage and Terhaar 1977; 

Diplock 1995). 
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Table1 8. Studies on teratogenesis and reproductive toxicity of vitamin E. t 
‘ a”” 

Rat 

Mouse 

0.00,0.2, 
and 2.0% 

Feed 0.002, 0.2, 
and 2.0% 

Gavage 591 
IU/mouse 

Duration 
Days 6- 16 of pregnancy 

F1 generation: mated on 
days 1 12 and 175 of 
dosage: Fo generation: 
268 d 
Days 7-1 1 of pregnancy 

Result I Reference I 
No difference between 
treatment and placebo 
groups 
No effects on 
reproductive toxicity, 
teratogenicity, clinical 
and hematologic indexes 
One malformation in 9 1 
mice 

Krasavage 
and Terhaar 
1997 
Krasavage 
and Terhaar 
1997 

Hook et al. 
1974 

As shown in Table 19, vitamin E has no carcinogenic activity (up to 0.2% in diet for 24 

mo; Weldon et al. 1983; Yang and Desai 1977; Diplock 1995). Table 20 shows that a-T intake of 

up to 600 mg/d for 12 wk did not show adverse effects as evaluated by clinical chemical indices, 

liver, kidney and thyroid functions, serum lipids, PT time, and urinary indices (Farrell and Bieri 

1975; Corrigan et al. 1982; Stampfer et al. 1983; Kitagawa et al. 1989; Diplock 1995). These 

data support the IOM’s assessment that up to a vitamin E (as a-T) intake of 1000 mg/d is safe for 

(I *w 

human consumption. 

Table19. Studies on cl tonic toxic; 
Dose 
500, 1000, 
and 2000 
mg/kg/d- 

25, 250, 
2500, 
10,000, 
and 
25,000 
IUkg 
plock 1995 

1‘ and carcinogenicity of vitamin E 
Duration I Result 
24 mo 

8-16 mo 

No significant effects on a range of 
clinical chemical indexes; slight 
increase in liver weight and in liver 
enzymes in serum; hemorrhage (anti- 
vitamin K effect) at 2000 mg/kg/d; 
decrease in mammary tumors 
No abnormalities at low doses; 
increase in serum alkaline phosphatase 
and relative heart and spleen weight at 
high doses (>10,000 IUkg); no change 
in prothrombin time; no 
carcinonenicitv 

Reference 
Weldon et 
al. 1983 

Yang and 
Desai 1977 
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Subjects 
Adults, It = 

28 

Volunteers, 
n = 30 (20) 
Volunteers, 

9, 

Dose Duration 
100-800 4 mo to 21 yr 
IU/day: T (mean 2.9 yr) 

800 IU/d 16 wk 
vitamin E 
600 mg/d a- 12 wk 

Result 
No evidence of toxicity judged by 
clinical chemical blood indexes (blood 
coagulation, liver enzymes, and thyroid 

I I I 

Adopted from Diplock 1995 

Reference 
Farrell and 
Bieri 1975 

1 E. 

hormones) 
No differences between groups Stampfer et 

al. 1983 
No adverse effects (clinical chemical 
indices, liver, kidney, and thyroid 
function, serum lipids, and prothrombin I time, and urinary indices all normal) 

Kitagawa and 
Mino 1989 
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IV. Conclusions 

The informatioddata provided by NutraSource/MPOB in this report and supplemented 

by the publicly available literature/toxicity data on T3 and T provide a sufficient basis for an 

assessment of the safety of T3 for the proposed use as an ingredient in food, when prepared 

according to appropriate specifications and used according to GMP. Key findings are 

summarized here: 

1. T3 and T are well characterized and of consistent quality across lots and free fkom 

chemical and microbial contamination. 

2. T3 and T have a long history of use in foods and beverages in the U.S. 

3. T3 and T extraction processes have been safely used for many yrs in the dietary 

supplement industry 

1 4. The safety and nutritional benefits of T3 and T are well established by human clinical 

trials and animal studies of T3. There are no indications of significant adverse effects 
b *u" 

related to T3 consumption in the publicly available literature at the proposed use levels. 

5. Increased consumption of vitamin E has been recommended by the USDA Dietary 

Guidelines Committee and IOM. 

6. Intended use of T3 as part of the proposed food use results in levels of exposure 

significantly below those associated with any adverse effects and provides a reasonable 

certainty of safety. 

Therefore, not only is the proposed use of TRF safe within the terms of the Federal Food, 

Drug, and Cosmetic Act (meeting the standard of reasonable certainty of no harm), but because 

of this consensus among experts, it is also Generally Recognized as Safe (GRAS). 
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V. Discussion of Information Inconsistent with G U S  Determination 

We are not aware of information that would be inconsistent with a finding that the 

proposed use of T3 preparations in foods and beverages, meeting appropriate specifications and 

used according to GMP, is GRAS. 

63 



Palm-oil derived tocols 

References 
1 W' 

Abdo KM. Rao G, Montgomery CA. Thirteen week toxicity study of d-Alpha-tocopheryl acetate 
(vitamin E) in Fischer 344 rats. Food Chem Toxicol. 1986; 24:1043-1050. 

Ahmad NS, Khalid BA, Luke DAY Ima Ninvana S. Tocotrienol offers better protection than 
tocopherol from free radical-induced damage of rat bone. Clin Exp Pharmacol Physiol. 
2005;32:761-770. 

Ahn KS, Sethi G, Krishnan K, Aggarwal BB. Gamma-tocotrienol inhibits nuclear 
factor-kappa B signaling pathway through inhibition of receptor-interacting protein and TAKI 
leading to suppression of antiapoptotic gene products and potentiation of apoptosis. J Biol 
Chem. 2007;2 82 : 8 09-820. 

Ajuluchukwu JN, Okubadejo NU, Mabayoje My Ojini FI, Okwudiafor RN, Mbakwem AC, 
Fasanmade OA, Oke DA. Comparative study of the effect of tocotrienols and a-tocopherol on 
fasting serum lipid profiles in patients with mild hypercholesterolaemia: A preliminary report. 
Niger. Postgrad Med J. 2007; 14: 30-33. 

Akoh CC, Min DB. Food Lipids. CRC Press. Boca Raton, FL. 2008. 

Baliarsingh S, Beg ZH, Ahmad J. The therapeutic impacts of tocotrienols in type 2 diabetic 
patients with hyperlipidemia. Atherosclerosis. 2005; 182:367-374. 

Birringer My Pfluger P, Kluth D, Landes N, Brigelius-Flohe R. Identities and differences in the 
metabolism of tocotrienols and tocopherols in HepG2 cells. J Nutr. 2002; 132:3 1 13-3 11 8. 

nm. 
f 

1s g*xr 

Chin SF, Hamid NAY Latiff AA, Zakaria Z, Mazlan M, Yusof YAY Karim AA, Ibahim J, Hamid 
Z, Ngah WZ. Reduction of DNA damage in older healthy adults by Tri E Tocotrienol 
supplementation. Nutrition. 2008;24: 1-1 0. 

Cho SS. NutraSource internal data. 2009. 

Comgan 11. The effect of vitamin E on warfarin-induced vitamin K deficiency. Ann NY Acad 
Sci. 1982;393:361-368. 

Chun J, Lee J, Ye L. Tocopherol and tocotrienol contents of raw and processed fruits and 
vegetables in the United States diet. J Food Comp Anal. 2006; 19: 196-204. 

Cuddihy SL, Musiek ES, Morrow JD, Dugan LL. Long-term vitamin E deficiency in mice 
decreases superoxide radical production in brain. Ann N Y Acad Sci. 2004; 103 1 :428-43 1. 

Demole V. Phamacology of vitamin E (Phamakologisches lier Vitamin E.) It Z Vitaminforsch 
1939;8:338-341 (in German). Cited in Diplock 1995. 

64 
-1 *a'- 



Palm-oil derived tocols 

6, #.. 
Diplock AT. Safety of antioxidant vitamins and beta-carotene. Am J Clin Nutr. 
1995;62(6 SUPPI): 15 1 OS-1 5 16s. 

Dysma HA, Park J. Excess dietary vitamin E in rats. FASEB J. 1975; 34:912 (abstr). Cited in 
Diplock 1995. 

Elangovan S, Hsieh TC, Wu JM. Growth inhibition of human MDA-mB-23 1 breast cancer cells 
by delta-tocotrienol is associated with loss of cyclin D 1/CDK4 expression and accompanying 
changes in the state of phosphorylation of the retinoblastoma tumor suppressor gene product. 
Anticancer Res. 2008;28:2641-2647. 

European Food Safety Authority (EFSA). Scientific opinion of the scientific panel on food 
additives, flavourings, processing aids and materials in contact with food. Opinion on mixed 
tocopherols, tocotrienol-tocopherol and tocotrienols as sources for vitamin E added as a 
nutritional substance in food supplements. EFSA J. 2008; 640: 1-34. 

Expert Group on Vitamins and Minerals (EVM). Safe upper levels for vitamins and minerals. Food 
Standards Agency, London, United Kingdom. 2003. 
http://www.food.gov.uk/multimedia/pdfs/vitmin2003 .pdf visited in January 2008 

Farrell PM, Bieri JG. Megavitamin E supplementation in man. Am J Clin Nutr. 1975;28: 138 1 - 
1386. 

Franke AA, Murphy SP, Lacey R,. Tocopherol and tocotrienol levels of foods consumed in 
Hawaii. J Agric Food Chem. 2007;55:769-778. 

i ;  ir 

Gillilian RE, Mondell B, Warbasse JR. Quantitative evaluation of vitamin E in the 
treatment of angina pectoris. Am Heart J. 1977; 93: 444-449. 

Goldman J. Within-individual Variance Estimates for Nutrients from What We Eat in America, 
NHANES 2002. U.S. Department of Agriculture, Agricultural Research Service. 2005. 

Guthrie N, Gapor A, Chambers AF, Carroll KK. Inhibition of proliferation of estrogen receptor- 
negative MDA-MB-435 and -positive MCF-7 human breast cancer cells by palm oil tocotrienols 
and tamoxifen, alone and in combination. J Nutr. 1997;127:5448-5483. 

Har CH, Keong CK. Effects of tocotrienols on cell viability and apoptosis in normal murine 
liver cells (BNL CL.2) and liver cancer cells (BNL 1ME A.7R.1), in vitro. 
Asia Pac J Clin Nutr. 2005;14:374-380. 

Hayes KC, Pronczuk A, Liang JS. Differences in the plasma transport and tissue concentrations 
of tocopherols and tocotrienols: 0 bservations in humans and hamsters. Proc SOC Exp Biol Med. 
1993;202:353-359. 

65 

http://www.food.gov.uk/multimedia/pdfs/vitmin2003


Palm-oil derived tocols 

Heinonen M. Piironen V. The tocopherol, tocotrienol, and vitamin E content of the average 
Finnish diet. Int J Vit Nutr Res. 1991;61: 27-32. 

Hook EB, Healy KM, Niles AM, Skalko RG. Letter: Vitamin E: teratogen or anti-teratogen? 
Lancet. 1974; 1 (7861):809. 

Hosomi A, Arita My Sat0 Y, Kiyose C, Ueda T, Igarashi 0, Arai H, Inoue K. Affinity for alpha- 
tocopherol transfer protein as a determinant of the biological activities of vitamin E analogs. 
FEBS Lett. 1997;409:105-108. 

Institute of Medicine. Dietary Reference Intakes for Vitamin Cy Vitamin E, Selenium, and 
Carotenoids. National Academy Press, Washington, DC. 2000. 

Jishage K, Arita My Igarashi K, Iwata T, Watanabe My Ogawa M, Ueda 0, Kamada N, Inoue K, 
Arai H, Suzuki H. Alpha tocopherol transfer protein is important for the normal development of 
placental labyrinthine trophoblasts in mice. J. Biol. Chem. 2001 ;276: 1669-1 672. 

Kaempf-Rotzoll DE, Traber MG, Arai H. Vitamin E and transfer proteins. Curr Opin 
Lipidol. 2003;14:249-254. 

Kamal-Eldin A, Appelqvist L-A. The chemistry and antioxidant properties of tocopherols and 
tocotrienols. Lipids. 1996; 3 1 :67 1-701. 

Khanna S, Roy S, Ryu H, Bahadduri P, Swaan PW, Ratan RR, Sen CK. Molecular basis of 
vitamin E action: tocotrienol modulates 1 2-lipoxygenaseY a key mediator of glutamate-induced 
neurodegeneration. J Biol Chem. 2003; 278: 43508-435 15. 

f k  *' 

Khanna S, Patel V, Rink Cy Roy S, Sen CK. Delivery of orally supplemented alpha-tocotrienol to 
vital organs of rats and tocopherol-transport protein deficient mice. Free Radical Biol Med. 
2005a;39: 1310-1319. 

Khanna S, Roy S, Slivka A, Craft TK, Chaki S, Rink Cy Notestine MA, DeVries AC, 
Parinandi NL, Sen CK. Neuroprotective properties of the natural vitamin E alpha-tocotrienol. 
Stroke. 2005b;36: 2258-2264. 

Khosla, P., Patel, V., Whinter, J.M., Khanna, S., Rakhkovskaya, M., Roy, S., Sen, C.K., 2006. 
Postprandial levels of the natural vitamin E tocotrienol in human circulation. Antioxid. Redox 
Signal. 8 ( 5 4  1059-1068. 

Kitagawa M, Mino M. Effets of elevated d-a-(RRR)-tocopherol dosage in man. J Nutr Sci 
Vitaminol. 1989;35: 133-142. 

Kooyenga D, Geller M, Watson T, Diakoumakis E, Bierenbaum M. Palm oil antioxidants in 
patients with hyperlipidemia and carotid stenosis-2 yr experience. Asia Pacific J Clin Nutr. 

;l 1997; 61 172-75. 
t w  

66 



Palm-oil derived tocols 

Kooyenga D, Watson T, Geller My Bierenbaum M. Antioxidants modulate the course of carotid 
atherosclerosis: a four-yr report. In: Micronutrients and Health: Molecular Biological 
Mechanisms. (Nesaretam, K. & Packer, L., eds.) Champaign, IL: AOCS Press, 2001. pp. 366- 
375. 

Krasavage WJ, Terhaar CJ. d-Alpha-tocopheryl-polyethyleneglycol 1000 succinate. Acute 
toxicity, subchronic feeding, reproduction and teratologic studies in the rat. J Sci Food Agric. 
1977; 25~273-278. 

Kumar KS, Raghavan My Hieber K, Ege C, Mog S, Parra N, Hildabrand A, Singh V, 
Srinivasan V, Toles R, Karikari P, Petrovics G, Seed T, Srivastava S, Papas A. 
Preferential radiation sensitization of prostate cancer in nude mice by 
nutraceutical antioxidant gamma-tocotrienol. Life Sci. 2006;78:2099-2104. 

Leonard SW, Paterson E, Atkinson JK, Ramakrishnan R, Cross CE, Traber MG. Studies in 
humans using deuterium-labeled alpha- and gamma-tocopherols demonstrate faster plasma y- 

tocopherol disappearance and greater y-metabolite production. Free Radical Biol Med. 
2005;38:857-866. 

Levander OA. Nutritional relationships among vitamin E, selenium, antioxidants and ethyl 
alcohol in the rat. J Nutr. 1973;103: 536-542. 

Manorama R, Harishankar N, Polasa K, Rukmini C. Mutagenicity studies on repeatedly heated 
crude and refined palm oil. J Oil Techno1 Assoc India. 1989; 2 1 :29-3 1. 

BE” 

Mensink RP, van Houwelingen AC, Kromhout D, Hornstra G. A vitamin E concentrate rich in 
tocotrienols had no effect on serum lipids, lipoproteins, or platelet fhction in men with mildly 
elevated serum lipid concentrations. Am J Clin Nutr. 1999;69:213-219. 

Meydani SN, Meydani My Bluymberg JB, Leka LS, Pedrosa My Diamond R, Schaefer EJ. 
Assessment of the safety of supplementation with different amounts of vitamin E in healthy older 
adults. Am J Clin Nutr. 1998;68:3 11 -3 18. 

Miyazawa T, Shibata A, Nakagawa K, Tsuzuki T. Anti-angiogenic function of tocotrienol. 
Asia Pac J ClinNutr. 2008;17 Suppl 1:253-256. 

Miyazawa T, Shibata A, Sookwong P, Kawakami Y, Eitsuka T, Asai A, Oikawa S, 
Nakagawa K. Antiangiogenic and anticancer potential of unsaturated vitamin E (tocotrienol). J 
Nutr Biochem. 2009;20:79-86. 

Nakamura H, Furukawa F, Nishikawa A, Miyauchi My Son HY, Imazawa T, Hirose M. Oral 
toxicity of a tocotrienol preparation in rats. Food ChemToxicol. 2001 ;39:799-805. 

67 



Palm-oil derived tocols 

4' Nandith B, Prabhasankar P. Antioxidants in bakery products: A review. Crit Rev Food Sci Nutr. 
Ss'S 

2009; 49: 1-27. 

Nesaretnam K, Guthrie N, Chambers AF, Carroll KK. Effect of tocotrienols on 
the growth of a human breast cancer cell line in culture. Lipids. 1995;30:1139-1143. 

Nesaretnam K, Stephen R, Dils R, Darbre P. Tocotrienols inhibit the growth of human breast 
cancer cells irrespective of estrogen receptor status. Lipids. 1998;33:461-469. 

Nesaretnam K, Dorasamy S, Darbre PD. Tocotrienols inhibit growth of ZR-75-1 breast cancer 
cells. Int J Food Sci Nutr. 2000;51 Suppl:S95-103. 

Nesaretnam K, Ambra R, Selvaduray KR, Radhakrishnan A, Reimann K, Razak G, 
Virgili F. Tocotrienol-rich fraction from palm oil affects gene expression in tumors resulting 
from MCF-7 cell inoculation in athymic mice. Lipids. 2004;39:459-467. 

Nesaretnam K. Multitargeted therapy of cancer by tocotrienols. Cancer Lett. 2008;269: 388-395. 

Normand L, Eskin NAM, Przybylski R. Effect of tocopherols on the frying stability of regular 
and modified canola oils. JAOCS. 2001; 78: 369-373. 

O'Byrne D, Grundy S, Packer L, Devaraj S, Baldenius K, Hoppe PP, Kraemer K, Jialal I, Traber 
MG. Studies of LDL oxidation following alpha-, gamma-, or delta-tocotrienyl acetate 
supplementation of hypercholesterolemic humans. Free Radical Biol. Med. 2000;29: 834-845. 

I 

'i 

Oliveria SV, Salvadori DMF, Rios ACC, Sales MC, Godoy HT, Ribeiro LR. Absence of 
genotoxic effects of crude and refined red palm oil on mouse bone marrow cells. Braz J Genetics 
1994; 17: 409-412. 

Ong A. Natural Sources of Tocotrienols, in Vitamin E in Health and Disease (Packer L, Editor), 
Marcel Dekker Inc: New York. 1993. pp. 3-8. 

00 S, Chang P, Chan KE. Toxicological and pharmacological studies on palm vitee. Nutr Res. 
1 992; 12 :2 1 7-222. 

Pate1 V, Khanna S, Roy S, Ezziddin 0, Sen CK. Natural vitamin E alpha-tocotrienol: Retention 
in vital organs in response to long-term oral supplementation and withdrawal. Free Radic Res. 
2006;40:763-77 1. 

Polasa K, Rukmini C. Mutagenicity tests of cashewnut shell liquid, rice-bran oil and other 
vegetable oils using the Salmonella typhimuriumlmicrosome system. Food Chem Toxicol. 
1987a;25:763-766. 

Polasa K et al. 1987 b. cited in Raghuram T, Rukmini C. Nutritional significance of rice bran oil. 
Indian J Med Res. 1995;102:241-244. I >' *-. 

68 



Palm-oil derived tocols 

r -  

(1 e Qureshi AA, Qureshi N, Wright JJ, Shen Z, Kramer G, Gapor A, Chong YH, DeWitt G, Ong A, 
Peterson DM. Lowering of serum cholesterol in hypercholesterolemic humans by tocotrienols 
(palmvitee). Am J ClinNutr. 1991;53:1021S-l026S. 

Qureshi AA, Bradlow BAY Brace L, Manganello J, Peterson DM, Pearce BC, Wright JJ, Gapor A, 
Elson CE. Response of hypercholesterolemic subjects to administration of tocotrienols. Lipids 
1995;30:1171-1177. 

Qureshi AA, Bradlow BAY Salser WA, Brace LD. Novel tocotrienols of rice bran modulate 
cardiovascular disease risk parameters of hypercholesterolemic humans. J Nutr Biochem. 
1997;8: 290-298. 

Qureshi AA, Mo H, Packer L, Peterson DM. Isolation and identification of novel tocotrienols 
fkom rice bran with hypocholesterolemic, antioxidant, and antitumor properties. J. Agric. Food 
Chem. 2000;48: 3 130-3 140. 

Qureshi AA, Sami SA, Salser WA, Khan FA. Synergistic effect of tocotrienol-rich fraction 
(TRF25) of rice bran and lovastatin on lipid parameters in hypercholesterolemic humans. J Nutr 
Biochem. 2001;12: 318-329. 

Qureshi AA, Sami SA, Salser WA, Khan FA. Dose-dependent suppression of serum cholesterol 
by tocotrienol-rich fraction (PALM TRF25) of rice bran in hypercholesterolemic humans. 
Atherosclerosis. 2002; 16 1 : 199-207. 

E 
‘1 m.i 

Raghuram T, Rukmini C. Nutritional significance of rice bran oil. Indian J Med Res. 
1995; 1021241 -244. 

Rahmat A, Ngah WZ, Shamaan NA, Gapor A, Abdul KK. Long-term administration of 
tocotrienols and tumor-marker enzyme activities during hepatocarcinogenesis in rats. Nutrition 
1993;9: 229-232. 

Rasool AH, Yuen KH, Yusoff K, Wong AR, Rahman AR. Dose dependent elevation of plasma 
tocotrienol levels and its effect on arterial compliance, plasma total antioxidant status, and lipid 
profile in healthy humans supplemented with tocotrienol rich vitamin E. J Nutr Sci Vitaminol. 
(Tokyo) 2006;52: 473-478. 

Romero N, Robert P, Masson L. Effect of a-tocopherol and a-tocotrienol on the performance of 
Chilean hazelnut oil (Gevuina avellana Mol) at high temperature. J Sci Food Agric. 
2004;84: 943 -948. 

Rossi My Alamprese C, Ratti S. Tocopherols and tocotrienols as free radical-scavengers in 
refined vegetable oils and their stability during deep-fat frying. Food Chem. 2007; 102:8 12-8 17. 

)xvII 
I 

69 



Palm-oil derived tocols 

L 
Rubin BY, Anderson SL, Kapas L. Can the therapeutic efficacy of tocotrienols in 
neurodegenerative familial dysautonomia patients be measured clinically? Antioxid Redox 
Signal. 2008;lO: 837-841. 

e* 

Sanagi MM, See HH, Wan Ibrahim WA, Naim AA. Determination of carotene, tocopherols and 
tocotrienols in residue oil from palm pressed fiber using pressurized liquid extraction-normal 
phase liquid chromatography. Anal Chim Acta. 2005;538: 71-76. 

Sakai M, Okabe M, Yamasaki M, Tachibana H, Yamada K. Induction of apoptosis by tocotrienol 
in rat hepatoma dRLh-84 cells. Anticancer Res. 2004;24: 1683-1 688. 

Schwartz H, Ollilainen V, Piironen V, Lampi AM. Tocopherol, tocotrienol and plant sterol 
contents of vegetable oils and industrial fats. J Food Comp Anal. 2008;21: 152-161. 

Sen CK, Khanna S, Roy S. Tocotrienols in health and disease: The other half of the natural 
vitamin E family. Mol Asp Med. 2007;28:692-728. 

Serbinova E, Kagan V, Han D, Packer L. Free radical recycling and intramembrane mobility in 
the antioxidant properties of alpha-tocopherol and alpha-tocotrienol. Free Radical Biol Med. 
1991 ; 101263-275. 

*. 
,I Methods Enzymol. 1994;234:354-366. 
‘1 & 

Serbinova EA, Packer L. Antioxidant properties of alpha-tocopherol and alpha-tocotrienol. 

Sheppard A, Pennington JAT, Weihrauch JL. 1993. Analysis and distribution of Vitamin E in 
vegetable oils and foods, in Vitamin E in Health and Disease, Packer L, Editor, Marcel Dekker Inc: 
New York. pp. 9-3 1. 

Shepard K. 1996. Acute oral toxicity study in the rat. Eastman Kodak Company - Health & 
Environmental Laboratories: Rochester NY. pp. 96-174. Cited in EFSA 2008. 

Shibata A, Nakagawa K, Sookwong P, Tsuzuki T, Oikawa S, Miyazawa T. Tumor anti- 
angiogenic effect and mechanism of action of delta-tocotrienol. Biochem Pharmacol. 
2008;76:330-339. 

Srivastava JK, Gupta S. Tocotrienol-rich fraction of palm oil induces cell cycle arrest and 
apoptosis selectively in human prostate cancer cells. Biochem Biophys Res Commun. 
2006;346:447-453. 

Stampfer MJ, Willett W, Castelli WP, Taylor JO, Fine J, Hennekens CH. Effect of vitamin E on 
lipids. Am J Clin Nutr. 1983;79:714-716. 

Sun W, Wang Q, Chen B, Liu J, Liu H, Xu W. Gamma-tocotrienol-induced apoptosis in human 
gastric cancer SGC-790 1 cells is associated with a suppression in mitogen-activated protein 
kinase signalling. Br J Nutr. 2008;99: 1247-1254. 

70 



Palm-oil derived tocols 

(* * * I  
Sun W, Xu W, Liu H, Liu J, Wang Q, Zhou J, Dong F, Chen B. y-Tocotrienol 
induces mitochondria-mediated apoptosis in human gastric adenocarcinoma SGC-790 1 cells. J 
Nutr Biochem. 2009;20:276-84. 

Sundram K, Sambanthamurthi R, Tan YA. Palm fruit chemistry and nutrition. Asia Pac J Clin 
Nutr. 2003 ; 12:355-362. 

Takahashi K, Loo G. Disruption of mitochondria during tocotrienol-induced apoptosis in MDA- 
MB-23 1 human breast cancer cells. Biochem Pharmacol. 2004;67:3 15-324. 

Tan DT, Khor HT, Low WH, Ali A, Gapor A. Effect of a palm-oil-vitamin E concentrate on the 
serum and lipoprotein lipids in humans. Am J Clin Nutr. 200 1 ;53(4 Suppl): 1027s- 1030s. 

Tasaki M, Umemura T, Inoue T, Okamura T, Kuroiwa Y, Ishii Y, Maeda M, Hirose My 
Nishikawa A. Induction of characteristic hepatocyte proliferative lesion with dietary exposure of 
Wistar Hannover rats to tocotrienol for 1 yr. Toxicol. 2008;250:143-150. 

Theriault A, Chao JT, Gapor A. Tocotrienol is the most effective vitamin E for reducing 
endothelial expression of adhesion molecules and adhesion to monocytes. Atherosclerosis. 
2002; 160121-30. 

Tomeo AC, Geller M, Watkins TR, Gapor A, Bierenbaum ML. Antioxidant effects of 
tocotrienols in patients with hyperlipidemia and carotid stenosis. Lipids. 1995;30: 1 179- 1 183. 

6 ' *  

Traber MG, Sies H. Vitamin E in humans: Demand and delivery. Ann Rev Nutr. 1996; 16:32 1 - 
347. 

Traber MG, Burton GW, Hamilton RL. Vitamin E trafficking. Ann NY Acad Sci. 2004; 103 1 : 1 - 
12. 

US.  Department of Agriculture. Expert Panel Report on Dietary Guidelines. Washington, DC. 
U.S. Government Printing Office; 2004. 

U.S. FDA. 2008a. Part 17O-Food additives. Section 5 170.30-Eligibility for classification as 
generally recognized as safe (GRAS). In: U.S. Code of Federal Regulations (CFR). Title 
21: Food and Drugs (U.S. Food and Drug Administration). U.S. Food and Drug 
Administration (US. FDA), U.S. Government Printing Office (GPO); Washington (DC), 
pp. 13-1 5. Available from:http://edocket.access.gpo.gov/cfi- 2008/aprqtr/pdf/2 1 cfi-170.30.pdf. 

Walqvist ML, Krivokkuca-Bogetic Z, Lo CS, Hage B, Smith R, Lukito W. Different serum 
responses of tocopherols and tocotrienols during Vitamin E supplementation in 
hypercholesterolemic individuals without change in coronary risk factors. Nutr Res. 1992; 12: 
S 181-S201. 

c 

71 



Palm-oil derived tocols 

I 

4 w* Wan Nazaimoon WN, Sakinah 0, Gapor A, Khalid BAK. Effects of palm olein tocopherol and 
tocotrienol on lipid peroxidation, lipid profiles and glycemic control in non-insulin diabetes 
mellitus patients. Nutr Res. 1996; 16: 190 1 - 19 1 1. 

Watkins T, Lenz P, Gapor A, Struck M, Tomeo A, Bierenbaum M. 0 y-Tocotrienol as a 
hypocholesterolemic and antioxidant agent in rats fed atherogenic diets. Lipids. 1993; 28: 11 13- 
11 18. 

Watson RR, Preedy VR. Tocotrienol, CRC Press. Boca Raton, FL. 2008. 

Weissberger LH, Harris PL. Effect of tocopherols on phosphorus metabolism. J Biol Chem. 
1943;15 1543-55 1. 

Weldon GH, Bhatt A, Keller P, Hummler H. dl-a-Tocopheryl acetate (vitamin E): A long-term 
toxicity and carcinogenicity study in rats. Int J Vit Nutr Res. 1983;53:287-296. 

WHO Food Additives Series, 1986. Toxicological evaluation of certain food additives and 
contaminants. Prepared by the 30th Meeting of Joint FAO/WHO Expert Committee on 
Food Additives. Rome, June 1986. Cambridge University Press, pp. 55-69. 

Yang NY, Desai ID. Effect of high levels of dietary vitamin E on hematological indices and 
biochemical parameters in rats. J Nutr. 1977;107:1410-1417. 

Yap SP, Wong JW, Yuen KH. Simple high-performance liquid chromatographic method for the 
determination of tocotrienols in human plasma. J Chromat B: Biomed Sci Appl. 1999; 735: 279- 
283. 

A** 

if 
I ** 

Yap SP, Yuen KH, Wong JW. Pharmacokinetics and bioavailability of a-, y-, and 6-tocotrienols 
under different food status. J Pharm Pharmacol. 2001;53:67-71. 

Yu W, Simmons-Menchaca M, Gapor A, Sanders BG, Kline K. Induction of apoptosis in human 
breast cancer cells by tocopherols and tocotrienols. Nutr Cancer. 1999;33:26-32. 

Yu SG, Thomas AM, Gapor A, Tan B, Qureshi N, Qureshi AA. Dose-response impact of various 
tocotrienols on serum lipid parameters in 5-week-old female chickens. Lipids. 2006;41: 453-461. 

72 



Palm-oil derived tocols 

List of Tables 

Table 1. Chemical formulas, molecular weights, and CAS numbers of 8 vitamin E isomers 
Table 2. Specifications of T3 (provided by MPOB) 
Table 3. Sources of T3 and a-tocopherol (a -T) in foods 
Table 4. Content of T3 and T present in palm oil 
Table 5. Intended use of palm TRF 
Table 6. Vitamin E intake recommendations (IOM 2002) 
Table 7. Conversion factors of vitamin E 
Table 8. Tocotrienol and vitamin E (a-T) intakes before the intended use ("ANES 2005-2006) 
Table 9. Nutrient adequacy of vitamin E (a-T) before the intended use ("ANES 2005-2006) 
Table 10. Estimated exposure under the intended use 
Table 1 1. Nutrient adequacy of Vitamin E (a-T) under the intended use 
Table 12. Relative biological activities (in %) of vitamin E active compounds in the rat 
resorption-gestation test 
Table 13. Studies on subacute, subchronic and chronic toxicity of palm TRF. 
Table 14. Toxicity studies of palm oil and rice bran oil 
Table15. Human clinical studies of palm TRF 
Table16. Human clinical studies of rice bran TRF 
Table 17. Studies on subacute and subchronic toxicity of vitamin E. 
Table 18. Studies on teratogenesis and reproductive toxicity of vitamin E. 
Table 19. Studies on chronic toxicity and carcinogenicity of vitamin E 
Table 20. Human clinical studies of vitamin E. 

73 


	TRF GRAS final for FDA 9-09.pdf
	V. Discussion of information inconsistent with GRAS determination, p 63
	References, p 64
	C. Background
	D. Chemistry and structure of T3
	E. Manufacturing Process
	F. Specifications
	G. Analytical methods
	B. Intended technical effects

	C. Review of safety data
	Details
	IV. Conclusions


	V. Discussion of Information Inconsistent with GRAS Determination

	GRASNOTICE B.pdf
	tocot review CVD Sen 2007.pdf
	Tocotrienols in health and disease: The other half of the natural vitamin E family
	Introduction
	Vitamin E biosynthesis: tocopherols and tocotrienols
	Natural sources of tocotrienols
	Bioavailability of tocotrienols taken orally
	Functional uniqueness of Vitamin E family members
	Hypocholesterolemic effects of tocotrienol
	Anti-cancer effects of tocotrienol
	Neuroprotective effects of tocotrienol
	Conclusion
	Acknowledgements
	References


	tocotrienol 1 y feeding rat Tasaki 2008.pdf
	Induction of characteristic hepatocyte proliferative lesion with dietary exposure of Wistar Hannover rats to tocotrienol for 1 year
	Introduction
	Materials and methods
	Experimental animals and housing conditions
	Chemicals and administration
	Observation and examination methods
	Immunohistochemical procedures
	Statistical analysis

	Results
	The 52-week chronic study findings
	Immunohistochemical analysis of nodular liver lesions

	Discussion
	Conflict of interest
	Acknowledgements
	References






